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RAINDROP SIZE DISTRIBUTIONS AND Z-R RELATIONSHIPS MEASURED ON THE
NOAA DC-6 AND THE NOAA SHIP RESEARCHER WITHIN THE GATE B-SCALE ARRAY

John B. Cunning and Robert I. Sax

A better understanding of how the precipitation budget
operates in tropical convective systems is a prime objective
of the GATE research effort. Measurement of rainfall rate
with shipboard radar is the principle method by which
precipitation output from tropical clouds that develop within
the GATE B-scale array will be determined. Knowledge of
the relationship between radar reflectivity (Z) and rain-
fall rate (R} is essential for an accurate Interpretation of
precipitation data derived through the use of radar technology.
The Z-~R relationship is determined through application of a
least-squares linear regression to data points derived by
appropriate integration of the third and sixth moments of a
series of raindrop size spectra.

Drop spectra measurements were obtained during GATE
by means of a foil impactor operated at cloud-base level
on board the NOAA DC-6 aircraft and a surface-based rain-
drop distrometer operated on the flying bridge of the
NOAA ship "Researcher.” A total of 107 and 137 Z-R data
points are available from the foil impactor and distrometer
data respectively. These represent showers occurring on
12 days in the case of the foil data, and on 8 days in the
case of the distrometer data. The best-fit Z-R relation-
ship for the cloud-base aircraft foil data showed little
variability from day to day or on the basis of stratifica-
tion by rain rate. For all foil data combined, the best-fit
Z~R relationship was found to have the form:

7z = 170rRL-92

which gives, for example, rain rates of 66, 15, and 3 mm hr~t for
Z values of 50, 40, and 30 db respectively.

Drop spectra measurements derived from the distro-
meter data required the application of a correction scheme
to the small end of the distribution because of the
apparent insensitivity of that device for detecting small
drops in the shipboard noise environment. These corrections
led to appreciable changes in the rain rates computed through
a mass Integration of the drop spectra and, for that reason,
the Z-R relationship derived from the distrometer data,
provided in the text, must be regarded with some suspicion.

Discussion of the use of a cumulative distribution
funection teo transform drop spectra derived from the foil
data is provided in an appendix. The advantage of this
technique lies in the alleviation of sampling volume

problems occurring at the large end of the drop size
distribution.




1. TINTRODUCTION

The release of latent heat of condensation is one of the primary energy
sources available to drive the tropical weather machine. The way that this
energy source is utilized locally within a tropical area cannot be determined
without detailed knowledge of the water budget within cloud systems. As
stated by Weickmann (1973), three essential parameters must be measured:

a) the rate of condensation and deposition (production of
liquid water or ice) occurring within a cloud system,
which determines the amount of latent heat taken from
the environment,

b) the precipitation of water, which determines the quantity
of latent heat released by the cloud system,

c) the amount of water remaining within the cloud system.

From these considerations it followed that a project such as the GARP Atlantic
Tropical Experiment (GATE), which had as a goal the understanding of tropical
convective processes, required a cloud physics subprogram to investigate the
degree to which nature utilizes the available condensational energy within
mesoscale cloud systems. Some important parameters to be measured included
influx of water vapor through cloud base, in-cloud water content at various
levels, entrainment characteristics, and precipitation rates, distributions,
and amounts,

The GATE Project gave researchers the opportunity to investigate tropical
convective processes on a subsynoptic scale over an oceanic region well re-
moved (500 to 1000 km) from any major land mass (fig. 1). Quantitative radar
measurements were used within the GATE
B-scale array to provide information
about hydrometeor water content within
convective systems and on total pre-
cipitation amounts. The shipboard
radars used in GATE were principally
C-band with wavelengths of 5.6 cm.
Since, for a 5.6-cm wavelength, the
Rayleigh scattering approximation is
valid for all but the largest of rain-

150 25" 20° 15,
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10° ' drops, the radar reflectivity, Z, can
—— GATE B SCALE ARRAY :
PHASES 1 AND 2Z be computed from the expression
--—--GATE B SCALE ARRAY
PHASE 3 7 = N (D)D6 dD (1)
RESEARCHER where N (D) is the drop concentration

per unit volume, D is the drop diametér,
and Z is expressed in the units mm® m—3,
5 oo 20° 155" The rainfall rate R (mm hr™l) can be
calculated from the equation

R=_

Figure 1. Location of GATE B-scale T j 3
N
array and participating ships. 6 (DD pV¢dD (2)




where p is the density of water and V. is the terminal veleocity of raindrops
of diameter D. An understanding of tﬁe relationship between Z and R is of
fundamental importance for the quantitative determination of rainfall rates
from radar.

This paper discusses drop size distributions obtained by both an airborne
foil impactor and a shipborne distrometer and provides an analysis of the
relationship between radar reflectivity and rainfall rate within the GATE
B-scale array.

2. VARTABILITY OF Z-R RELATIONSHIPS

It has been established by many investigators that a relationship of
the form Z = aRb, with Z and R both functions of the drop size distributionm,
can be used for a variety of rainfall types in a number of geographical loca-
tions. Table 1, a summary of previously published Z-R relationships from
different regions of the world, shows that the coefficient a has been found
to vary from 17 to 730 and that the exponent b has been found to vary from
1.16 to 2.87. More strikingly, for an arbitrary value of Z of 10° mm® m—3
(50 dB), the corresponding rainfall rate is found to range from 10 mm hr~! to
270 mm hr~!., Even if the several extreme values of a and/or b are ignored,
the range of rainfall rate R when Z is 50 dB is still about an order of
magnitude., It is not surprising that stratification by geographical location
(e.g., maritime, continental, or tropical) and shower type (convective or
stratiform) is a necessary first step in determining applicability of a
particular Z-R relationship.

Since many of the formulations in table 1 were derived from data based
upon minimal drop sampling volumes, Z-R variability from shower to shower or
day to day, or both, may have not been reflected. Measurements to determine
the Z-R variability within a given area or rainfall regime should be made
repeatedly to enable accurate computations of rainfall rates. It is also
likely that measurements obtained on the periphery of the rain shower core
(either in terms of space or time) may not be representative and may serve to
add noise to the data. Table 2 contains data from Stout and Mueller (1968),
derived from surface drop camera measurements, that show variability of the
Z-R relationship at Miami as a function of rainfall type, synoptic condition,
and instability criteria.l TIn the case of the last parameter, the rain rate
for an arbitrary Z value of 50 dB ranges from 48 mm hr~! for an instability
category of 7 to 110 mm hr~! for an instability category of 10 (lowest instability
stratification). The maximum variability when rainfall is stratified as to
type or synoptic condition is about a factor of 2, which can still provide
appreciable differences at a Z value of 50 dB. This serves to emphasize the
highly variable nature of drop distribution data and points to the need for
a determination of the Z-R relationship for a particular set of known meteoro-
logical and geographical parameters.

IDefined by Stout and Mueller (1968) as the amount of energy required to lift
a parcel of air through the troposphere; results of calculations were .grouped
and stratified into 10 categories in descending order of instability.




Taple 1. Various Published Z-R Relationships (from Battan, 1273, with changes) _
R {mm hr“l)
Equatlon Reference Location Remarks for Z=50 ab
320R1-44 Wexler, R. (1947) Washington, D.C. 8 rain intensities, each a mean of about
10 storms of same intensity 54
214Rl'58 Washington, D.C. 98 storms--original data 49
224Ri'24 Wexler (1948) Inyslas, Great Britain 5 rainstorms 53
630RE-43 nexler Shoeburyness, England 4 rainstorms 33
208r1-33 Hawaiil 50 storms, orographie rain 57
.72 :
190R1 ! Marshall, Langille, and
Palmer (i947) Various locations Various types of rain 38
220R1'60 Marshall and-Palmer
(1948) Various locations Various types of rain 46
295R1'6l Hood (1950) Canada 270 samples, 7 rainstorms; light rain
1-3 mm/hr; heavy thunderstorms 50 mm/hr 37
1.55
180R Boucher (1951) Cambridge, Mass. 63 rzain samples, widespread razin both
uniform and variable; showers and
thunderstorms 59
127R2'87 Higgs (1952) Australia Showers, 8 months of observation 10
17Ri'3; Orographic rain within cloud 270
31Rl'41 Blanchard (1953) Hawaii Orographic rain at cloud base 113
290R™" Nonerographic rain--thunderstorms 63
127R%+ %9 Twomey (1953) Sydney, Australia Rain rates 0.2-9.0 mm hr 18
396Ri'§3 1,270 l-minute observations--all rains 60
486R;" .. 560 l-minute observations--thunderstorms 49
380Ri'§; Jones (1955) Central Illinois 330 l-minute observations--rain showers 89
313R*" 380 l-minute observations--continuous rain 100



Table 1.

Various Published

hed Z-R Relationships (from Battan, 1973, with changes) (continued)

T Il R{mm hr—1)
Equation Raference Location Remarks for Z=50 db
150R1'54 Rain (melted granular snow and strongly
granulated particles), 344 spectra,
1.55 6 rains 68
257R Litvinov (1956) Mount El'brus, USSR Rain (melted snow of average granula-
1.47 tion), 367 spectra, 7 rains 47
398R™" Rain (melted non-granulated snow),
140 spectra, 4 rains 43
.16
162Ri 14 Stratiform rains, 16 April 1954 254
215R;" . Stratiform rains, 23 April 1654 98
tl 1 1957 M . 3
350111-‘*2 Atlas and Chmela (1957) Lexington, Mass Stratiform rains, 27 April 1954 54
310813 tratiform rains, 28 April 1954 74
220Rl'54 Sal'man (1957) Near Leningrad, USSR Showers and steady rain 53
303Ri'zg Various types of rain, R < 7 mm/br 30
405R1'59 Shupiatskii (1957) Near Moscow, USSR Various types of rain, 7 < R < 60 mm/hr 40
289R™" Various types of rain, R > 60 mm/hr 40
lOQRi'Z; } Ramana Murty and Xandia, India Orographic, Monsoon rains 64
342R°" Gupta (1959) Delhi, India Nonorographic, Monsoon rains 55
TDORi'gg One day, probably warm rain 22
300Rl:50 Imai (1960) Tokyo, Japan One day continuous rain 38
ZDORl 50 Air mass showers 63
200R™" Prewarm frontal rain 63
219R1‘42 Thunderstorms 77
68RL-? Sivaramakrishnan (1961) Poona, India Steady rains 43
67R1-92 Warm rains 45
204Rl'70 Muchnik (1961) Showers and steady rains 38

Kiev, USSR



Tahle 1. Varipus Published Z-R Relationships (from Battan, 1973, with changes) (continued)

R {mm hr_l)
Equation Reference Location Remarks for 2z=30 db
204R1'2§ 2 Continuous 59
280R;" Andrews (1961) London, England Showers 56
1.71 g

280R S Thunderstorm 31
215R1-60 All types 46
205R1'48 Continuocus rain 65
3DOR%'2£ Fujiwara (1965) Mostly Miami, Florida Rainshowers 69
450R™" Thunderstorms 40
3OOR1'40 Gerrish and Hiser

(1965) Florida Summer convection 63
1B&Ri'§g Various locations 137
278Rl' 0 Entebbe, Uganda . 92
240:‘{1'%8 Lwire, Congo 104
176Rl'36 - Palma . 216
151R1'25 Diem (1966) Barza, Italy 119
179R; Karlsruhe, Germany Spring 158
227RY-31 Karlsruhe, Germany Summer 104
178R1'§§ : Karlsruhe, Germany Fall 158
150R" " Karlsruhe, Germany Winter 198
1378136 Axel Heiberg Land 127
3'30Rl'lIll Chernozem (near Moscow) About 10 days, 20,000 samples on filter 58

1.46 Gorelik et al. (1967) paper, all types of rain
298R™" Vashnevo (5 km away) L 54
SZDRl‘Bl Foote {1966) Tucson, Arizona 32 showers and thunderstorms on meountain
peak, 2,500 meters 18
nmple53

7.50Rl 45 Measured on 12 March 1964 24
255K Doumoulin and France Measured on 4 September 1964 6l
426rL-30 Cogotbles (1966) 107 drop-size distributions 38



able 1. various Published Z-R Relationships (from Battan , 1973, with changes) {continued)

R(mm hr™4)
Equation Reference Location Remarks for Z=50 db
286R1-43 Miami, Florida 60
221pl-32 - Majuro, Marshall Islands 103
301R1- 64 Mueller and Sims Corvzallis, Oregon 34
31 Rk - 46 (1966) Bogar, Indenesia 55
267R1- 54 Stout and Mueller Woody Island, Alaska 47
230R1- 40 (1968) Franklin, North Carolina 77
372rL-47 Champaign, Illinois 45
593g1-61 . Flagstaff, Arizona 24
256141 Island Beach, N.J. 69
1408150 Drizzle 80
250R L. 30 Joss et al. (1970) Locarno-Monti, Widegpread rain 54
500R1- 50 Switzerland Thunderstorm rain 34
1.33 : et :
§§é§1_31 } Merceret (1973) Atlantic Ocean Co;z;;zzinnzzzhzﬁoﬁﬁogzgzl storm { 22

365 41 Cunning (1976) South Florida Cloud base measurements in summer convection 54



Table 2. Z-R Relationships for Miami Area Stratified as to Rainfall Type, Synoptic Condition, and Thermodynamic
Instability Criteria (from Stout and Mueller, 1968)
Correlation Minutes R {mm hr"l)
Stratification Equation coefficient of data for Z=50 db
A. Rain type
Continuous 322133 0.94 911 75
Showers 250R3"47 0.95 696 59
Thunderstorms 224R1-31 0.94 902 57
B. Synoptic class
Air mass 323Ri'z; 0.98 467 58
Pre-cold front 280R_" 0.95 744 52
Cold front 1951%-;2 0.95 187 57
Warm front &OBRl'qG 0.96 341 85
Overruncning 302Rl'55 0.94 196 71
Easterly wave 296R°" 0.97 536 75
Trough aloft 261R}-gg 0.97 80 64
Pre-cold occlusion 330R° 0.91 40 31
C. Instability
1 (highest) 264Ri'§2 0.97 136 69
2 295R° 0.97 286 73
3 307Ri'21 0.97 367 61
4 304R:" 0.96 416 61
5 313R%- 39 0.98 133 63
6 2061+ 42 0.97 117 78
7 420R:+41 0.97 161 48
8 358R** 3% 0.95 559 74
9 352r1-3 0.95 238 60
10 (lowest) 257rL-27 0.96 167 110



3. MEASUREMENT PROGRAM
3.1 Motivation for Experimental Design

The calculation of a Z-R relationship that would be appropriate for the
oceanic region encompassed by the GATE B-scale array requires that the size
distribution of raindrops be measured on shipboard and/or from aircraft
operating within that area. Since spectra measurements contain high natural
spatial and temporal variability (primarily because of sampling volume limita-
tions of instrumentation currently in use), it is important to compensate for
possible error by calculating ensemble averages from a sample size that is
large enough for statistical significance. Furthermore, it is absolutely
necessary that the shower core, not just the periphery, be sampled for the
computation of a meaningful Z-R relationship.

Garstang (1969) showed that during the 1968 Barbados Experiment the NOAA
ship Discoverer, stationed in the eastern tropical North Atlantic near Barba-
dos from August 4 to 27 was in a significant shower (greater than 2.5 mm hr—l
of rainfall) on only 10% of the experimental days. Holle (1968) found, how-
ever, that precipitation from at least one cloud within a 30-km radius of the
R/V Crawford stationed in the tropical Atlantic near Barbados in the summetr
of 1963 occurred during 60% of all hours having supporting photographic data.
This indicates that, although the occurrence of a shower directly overhead at
a given location in the tropical ocean is a rather rare event, the occurrence
of precipitation within a surrounding extended area is a frequent event. Thus,
measurement from a highly mobile instrumented platform, such as an aircraft,
should be used in conjunction with those from one or more fixed-ship plat-
forms to obtain a large ensemble average of drop size distributions over an
oceanic area.

3.2 The Aircraft Program

The U. S. aircraft program to obtain drop size distributions within the
GATE area was quite extensive, The primary instruments for this purpose were
an MRI foil impactor and a Knollenberg 1-D particle spectrometer (cloud drop-
let and raindrop probes). Both the NOAA DC-6 and C-130 aircraft carried foil
impactors during the three phases of GATE (first phase - June 28 to July 16,
1974; second phase - July 28 to August 17, 1974; third phase = August 30 to
September 19, 1974). During the second phase a Knollenberg 1-D particle
spectrometer {cloud and rain probes) was carried on the DC-6 aircraft, but.
the raindrop probe was transferred to the C-130 aircraft for the third phase.
A Knollenberg 1-D drop spectrometer (cloud and rain probes) was carried on
the NCAR Electra for the three phases and on the NCAR Sabreliner (cloud probe
only) during the second and third phases.

During the GATE experiment, the DC-6 aircraft operated mainly at an alti-
tude near cloud base, the NCAR Electra operated at altitudes between cloud
base and 10,000 ft, the C-130 aircraft flew typically at the freezing level
(15,000 ft) or colder, and the Sabreliner flew at very high altitudes (>30,000
ft). The aircraft sections of this paper are concerned only with data obtained
- from the foil impactor operated on the DC-6 aircraft near the cloud-base level.




The foil impactor, located on cne wing-
tip of the DC-6 (fig. 2), is operated
manually whenever the aircraft traverses
a precipitation shaft. When the impactor
is activated, a motor mechanism moves a
strip of aluminum foil? (approximately
8 cm wide) over a grooved (.25 mm) drum.

A striated pattern remains at the point
where the drop impacts on the grooved
drum. A metal shutter (3.8 x 3.8 cm)
operates synchronously with the transport
mechanism to expose the foil to precipi-
tation. As configured for GATE, the
shutter is open and the foil exposed for
approximately .2 seconds. During the next
.8 seconds, the shutter is closed and the
R foil is advanced. The shutter then opens
e o asain and the sampling is repeated in this
FOIL IMPACTORf mode until the aircraft passes completely
AR ! through the precipitation core. The
cross~sectional area of the shutter opening

" 3 o §
bl 'EBRAQKEIgé

o Sole nEn e ATE is 14.5 cmz; thus, for an exposure of
SHUTTER (38%38¢m) ~ - -2 seconds on an aircraft moving at 100 m sec™!,
Do PO O AU S the Sampling Volume is approximately
Figure 2. Foil impactor of MRT 30 liters. It has been found from experience

design mounted on the wingtip of  with heavy tropical rain that sampling
the NOAA DC-6 aircraft. The foot- volumes much in excess of 30 liters per
ball-shaped cylinder directly above frame of foil result in a serious over-
the impactor is an optical ice lapping of drops. The foil impactor
particle counter, mounted on the DC-6 aircraft was, therefore,
able to sample about 1 m® of air during
a traverse through an isolated medium-sized
convective element (approximately 3 km in diameter)., When fully loaded, the
impactor can carry about 9000 cm of foil, enough to obtain measurements from

about 10 to 20 rain shafts of the sizes typically encountered within the area
covered by the GATE B-scale array.

3.3 Surface Program

The U. S. program to measure drop size distributions at the surface was
carried out on GATE ships at fixed locations within the B~scale array (fig. 1)}.
Distrometers of the type developed by Joss and Waldvogel (1967) were used
exclusively by the U. S. participants. During the three GATE phases, the
NHEML distrometer was on the NOAA ship Researcher, and a second distrometer
operated by the Department of Meteorology, Massachusetts Institute of Technol-
ogy, was on the R/V Gilliss. A third distrometer, operated by the Department
of Physics, University of Toronte, was on the Coast Guard ship Dallas during
the first phase and on the R/V Fay during the third phase of GATE. The surface

“Foil used during GATE on the NOAA DC-6 had a thickness of .001 inch and was
purchased from Clecon Metals, Cleveland, Ohio, with their alloy specification
1145-0, pack roll finish, on 1-5/16 inch I.D. flush fiber core.

10




program sections of this report are confined to a discussion of results ob-
tained by the distrometer operated on board the NOAA ship Researcher.

The distrometer was located on the flying bridge of the Researcher, a site
chosen for its good exposure to rain, reduced background noise, and proximity to
the center of gravity for minimal ship vertical motion. The distrometer was
activated manually whenever showers passed over the ship. The transducer and
processor system (fig, 3) provides an electronic signal (0 to 10 v pulse of
500 ms duration) proportional to the momentum transfer of raindrops impacting
upon the distrometer head. The signal is pulse-height analyzed, digitized,
formatted into standard two-track NRZI serial data, and recorded on a Uher
Model 4200 tape recorder. The conical sampling head has a cross-sectional
exposure area of 50 em?. The sampling volume per unit time is proportional to
the terminal velocity of the raindrops. For a 1l20-second interval, the sampl-
ing volume of the distrometer for raindrops 1 mm in diameter is about 2 m3,
while, for raindrops 5 mm in diameter, the sampling volume is nearly 5.5 mS.

S e s e s s ae

SE _HEIGHT
ALYZER &
CODING :
FORMATTER

e

> I
FEL I TN

Figure 3. NHEML raindrop distrometer package. Shown are the Joss transducer
and processor, pulse height analyzer, tape recorder, and NOAA-designed play-
back system.
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4. DATA ANALYSIS TECHNIQUES
4.1 Aireraft Data

Upon completion of each flight day, the foll from the impactor device was
dried to prevent corrosion. The data were checked to determine whether the
impactor was operating properly and were cataloged for delivery to the U. S.
At the conclusion of GATE, all foil data were inch-marked for time and length
continuity and subsequently analyzed on a frame-by-frame basis with a Bausch
and Lomb Quantitative Metallurgical System (QMS). The QMS is an electro-
optical system that employs a vidicon camera and associated logic circuitry
to allow for fast, automated measurements of a spectrum of particle sizes.

The analyzed foil data were sorted into 10 .50-mm size categories, the
first being 0 <D £ .50 mm and the tenth being 4.5 mm < D < 5.0 mm.
A correction, similar to that used by Schecter and Russ (1970), was applied
to the drop imprint diameters to account for spreading of the liquid upon
impact with the foil.? The terminal velocity expression used in the calcula-
tion of the rainfall rate (2) for the aircraft data was derived by Foote and
Dutoit (1969) to fit the empirical data of Gunn and Kinzer (1949) and has the
form
h|

Yo~ 25¢ 3)

Q

I bﬂ =

i 0
where the subscript zero refers to conditions at 20° C and 1013 mb, d is
drop diameter, and a. is determined from a least-squares curve fitting tech-
nique. A ninth-degrge polynomial (N = 9) was used in the calculation of a;.
An altitude correction for V(d) as discussed by Foote and Dutoit (1969) was
also applied, but in the case of the DC-6 foil data collected at or below
about 3,000 £t, such a correction was negligible.

A single drop size distribution is derived for each aircraft penetration
through a precipitation core region. ¥For statistical validity (see Appendix
C) each drop-size distribution typically has an integrated sample size of at
least several hundred drops. Finally, from the number concentration of drops
in each of the 10 size categories, a value of radar reflectivity (1), rainfall
rate (2), and other related variables, such as liquid water content and slope
of the best fit curve to the drop size spectra, are calculated for each air-
craft traverse through a precipitation core region.A discussion of statistical
criteria for the representativeness of drop size distributions sampled with a
device such as a foil impactor and techniques for using a transformation
function to calculate the drop size distribution is provided in Appendix C.

3The expression used in this work has the form:

Dpet = 0‘865DIMG

It was derived and has been applied by Francis J. Merceret (personal communi-~
cation) as a simplistic linear best fit to the Schecter and Russ size calibra-
tion data.
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4.2 Surface Data

Upon completion of the operational phases of GATE, each tape from the
distrometer recording system was played back through a processing and display
unit., Each tape could contain up to about 48 minutes of rainfall data. It
was usual procedure to record each new shower on a fresh tape, so many tapes
were only partially filled with data. To achieve the maximum number of indi-
vidual drop spectra (and hence Z-R data points) per shower while, at the same
time, maintaining a sample volume judged adequate for the accumulation of a
representative concentration of drops in each bin size, we decided to
calculate each drop size distribution on the basis of uniform 120-second time
intervals. This allowed a maximum of 24 distributions (Z-R data points) per
data tape. In almost all cases selected for detailed study, the integrated
number of drops in each 120-second interval was at least 100. Two-minute
segments of distrometer data containing much fewer than 100 drops (integrated
through all bin sizes) were not considered for further analysis.

The data processing package allowed each pulse-height analyzed drop to
be placed into one of 64 discrete size intervals with the maximum drop diameter
in mm for each drop size category given by the expression

D = 0.30711M0: 65789 4)

where M is the category number (1-64). The range of sizes associated with

each bin is variable, but generally is between .06 and .09 mm. The terminal
velocity in cm sec”! corresponding to the drop size at the midpoint of each
category was calculated according to a formulation expressed by Best (1950),

Ve = K {1—exp [—(d/a)n]} (5)

where d is the drop diameter in millimeters and K, a, and n are constants
with wvalues of 943, 1.77, and 1.147, respectively. Table 3 provides a complete
summary of the minimum, midpoint, and maximum drop diameters, vertical velo-
city, and sampling volume (for a sampling period of 120 seconds) associated
with each bin size. Several successive bins can be combined through the range
of bin sizes to obtain a uniform bin spacing of .25 mm. This is done in an
effort to smooth irregularities in the drop spectrum resulting from processing
of bin sizes too small to allow the accumulation of a representative sample
of drops in each bin. The .25-mm uniform bin size selected for the distrometer
analysis is about half that (.43 mm) used in the processing of the foil data.
Table 4 summarizes the combined bin size information, with the midpoint dia-
meter, terminal velocity, and sampling volume corresponding to a 120-second
sampling period given for each bin size.

5. RESULTS - ATRBORNE PROGRAM

Measurements of drop size spectra were obtained during each phase of GATE
with the majority of data collected during the second phase., Table 5 gives
the dates, duration, altitudes, and aircraft mission type from which data were
collected. As can be seen from table 5, a large amount of data, totaling in
excess of 76,000 cm of foil, was collected on 21 days during GATE. The days
selected for analysis were those on which more than 2000 em of foil were

13
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Tzhle 3. Ralevant irop Fize Informstion for Piscrometer Rins

N

t \
. Minimum Midpoint  Maximum Terminal Sampling volume i [ Minimum Midpoinz  Maximum Terminal Sampling volume
Size "dismeter diameter diameter velccit¥ for At = 129 sec Size ! diameter diameter diamecer velocity for az
category (mm) (rm) () {em sac™) (m?) category |  {mm) {mm) {mm) {am sec™l)
1 i 0 G.15 0.30 55 0.33 33 : 3.00 3.03 3.06 785 477
2 0,30 0.39 0.48 152 0.91 34 i 3.06 3.09 3.12 501 4,81
k! L 0.48 0.55 0.63 213 1.28 a5 to3.12 3.15 .10 507 4.84
4 | 0.63 0.69 0.76 271 1.63 36 3.19 3.22 3.24 B8la 4,88
5 0.7& .82 0.89 319 1.51 37 ' 3.24 31.27 3.3C 818 4.91
[} 0.8% 0.95 1.00 365 2.19 38 i 3.30 3.33 3.36 823 4,94
7 1 1.00 1.05 1.10 399 2.39 39 P 3.36 3.39 3.42 ) 4,97
8 ' 1.10 1.15 1.21 430 2,58 40 ! 3.42 3.45 3.48 §33 5.00
9 1,21 1.25 1.30 461 2.77 41 v 3,48 3.50 3.53 837 5.02
18 1.30 1.35 1.40 480 2.94 42 3.53 3.56 3.35 541 5.05
11 1.40 1.435 1.49 517 3.10 43 3.59 3.62 3.45 B4a 5.67
12 1.49 1.33 1.57 538 3.23 44 3.65 3.67 3.70 849 5.10
1 1.57 l1.62 1.66 561 3.37 45 3.70 3.73 3.76 853 5.12
14 1.56 1.70 1.74 580 3.48 46 . 3.76 3.79 3.81 857 5,14
15 1.74 1.78 1.82 598 3.59 47 ' 3.81 3.84 3.87 8o 5.18
16 1.82 1.86 1.90 616 3.70 48 . 3.87 3.89 3.52 562 5,13
17 1.90 1.94 1.98 632 3.79 49 3.92 3.94 3.%7 866 5,20
18 1.98 2.02 2,06 648 3.89 50 3.87 4.00 4.03 869 5.22
ig 2.06 2.09 2.13 652 3.97 51 4.03 4.05 4.08 87z 5.23
26 2.13 2,18 2,20 675 4,05 52 4.08 4.11 4.13 BE75 5.35
21 2,20 2.24 2.28 689 4.13 53 4.13 4.16 4.13 877 5.235
22 2,238 2.37 2.35 700 4.20 54 4.18 4.21 4.24 830 5.28
Z3 2.35 2.38 2.42 7il 4.27 335 oAL24 4.26 4.28 582 5.29
24 2.42 2,45 2,48 722 4.33 56 i 4,28 4,31 4.33 BaL 5.31
I35 2.48 2.51 2.55 731 4,39 57 i 4.33 4.36 4,39 886 5.32
25 2.55 2.58 2.62 741 4.45 58 4.39 .41 5. 04 888 5.33
27 2.62 2.6 2,69 752 4.51° 59 | 4,44 4.46 4,49 820 3.34
28 2.69 2.72 2.75 7160 4.56 60 4.49 4.51 4.54 892 5.33
29 2.75 2.78 2.81 767 4,60 81 4,54 b.56 4.59 694 5,37
30 2,81 2.84 2.88 774 4.64 62 4,59 &,61 4.63 896 5.38
31 2.88 2.91 2.94 782 4.69 63 | 4,63 4.66 4.68 5§93 5.39
32 2.94 2.97 3.00 789 4,73 64 | 4.68 4.70 4.73 901 5.41
D = 0.20710 55787 here b is drop diameter im millimeters and M is the size bin category.
V.r = A { 1 - exp [- (dla) n] where Vp is* terminal velecity in cm sec’l, d is drop diameter in mm, and A, a, snd n are constants with respectiva
\ valuzs of 943, 1.77, and 1.147.
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Table 4.

Combined Distrometer Bins for 0.25-mm Spacing

Terminal Sampling volume
Size Distrometer Representative Midpeint velocity for At=120 sec
category bins Actual spacing spacing diameter em see™l (m3)
1 1 0.00 - 0.30 0.00 .25 0.125 44 .26
2 2 0.30 - C.48 ¢.25 - 0.50 0.375 146 .88
3 3, 4 0.48 - 0.76 Q.80 - 0.75 0.625 247 1.48
4 5, 6 0.76 - 1.00 0.75 - 1.00 0.875 339 2.03
5 7, 8 1.00 - 1.21 1.00 - 1,25 1.125 422 2.53
6 9, 10, 11 1.21 - 1.49 1.25 - 1.50 1.375 496 2.98
7 12, 13, 14 1.49 - 1.74 ©1.50 - 1.75 1.625 562 3.37
3 15, 16, 17 1.74 - 1.98 1.75 - 2.00 1.875 619 3.71
9 1s, 19, 20, 21 1.98 - 2.28 2.00 - 2.25 2.125 668 4,01
10 22, 23, 24 2.28 - 2.48 2.25 - 2,50 2,375 710 4,26
11 25, 26, 27, 28 2.48 - 2.75 2.50 - 2.75 2.625 747 4,48
12 29, 30, 31, 32 2.75 = 3.00 2.75 - 3.00 2.875 778 4,67
13 33, 34, 35, 36 3.00 - 3.24 3.00 - 3.25 3.125 805 4,83
14 37, 38, 39, 40 3.24 - 3.48 3.25 - 3.50 '.-’>.375 827 4.96
15 41, 42, 43, 44, 45, 3.48 - 3.76 3.50 - 3.75 3.625 B46 5.08
16 46, 47, 48, 49 3.76 = 3.97 3.75 4.00 3.875 862 3.17
17 50, 51, 52, 53, 54 3.97 - 4.24 4.00 - 4.25 4.125 875 5.25
18 55, 56, 57, 58, 59 4.24 - 4,49 4.25 - 4,50 4,375 887 5.32
19 60, 61, 62, 63, 64 4.49 ~+4.73 4.50 - 4.75 4.625 896 5.38
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ble 5.

o

Cloud-Hase Drop Speccra Megsurements Made puring GATE

Amount of Number of GATE DC-6 fiight Amount of Humber of GATE DC-6 ‘flight

Date foll analyzed rainshaft mission altitude Date foil analyzed rainshaft nission altitude

{1974) {cm) penetrations Lype (fr) (1974) (em) penetrations tvpe (fr)
3 July 586 4 2 (ITCZ crossing) 300 17 Augustc* 4572 3 28 (box) 500
12 July* 7112 7 544 {railroad) 1300 30 Augusc® g48 5 5al (hox) 300
16 July 1500 7 54/8A1 (aborted) 2 September 1543 5 1¢2 (line) 850-2000
29 July* 5080 9 1A (butterfly) 500 3 September 615 4 582 {iine) 500
3 August® 7620 is 1€2 (line) 5000 & September#* 5030 10 332 (line) 300-800
5 August* 8890 19 1c2 (line) 300-2000 7 September 421 2 5B1/6A (L's) 1200
B Augusc 80D 8 14 {butterfly) 4000 9 September 1100 [A 12 Box {aborted) 300
10 August#® 7620 12 1& (butterfly) 500 14 September* 5080 7 1€2 (line) 1000
il August* 5588 5 2A-mod (line) 500 17 September 402 2 742 (line) 3000
i3 Augusc¥ 8890 12 1a {(butterfly) 500 18 Seprember 1570 4 1 {box, line) 3500
14 August* 2286 3 582 {line) 3000-5000

* Dates analyzed with more than 2000 cm of foil.




collected. For the 12 days that met the 2000-cm criterion, more than 70,000 cm
of foil were analyzed from 107 rainshaft penetrations. The flight altitudes

of the DC-6 generally varied between 300 and 1500 ft, although several pene-
trations were carried out at an altitude higher than 3000 ft. A complete
listing of the drop size distributions from each rainshaft penetration is given
in Appendix A.

Figures 4a through 4f show composited drop distributions for various rain-
fall rates. The dotted line indicates the mean distribution and the shaded
area indicates two standard deviations away from the mean. None of the com-
posited distributions showed any marked differences as a function of altitude
within the range of observations and, for ease of classification, will be
categorized together as cloud-base distributions. Figure 5 shows drop size
distributions for five rainfall rates on August 10, 1974, The distributions
indicate that, for light to moderate rainfall rates, the spectrum decays
exponentially for drop diameters larger than about 1 mm, For the heavier
rain rates, the exponential decay commences near a diameter of 1.5 mm. The
best-fit curve to the drop size distributions given in figure 5 assumes the
form:

N(D) = N, e D (6)
where N, is the intercept and X 1is the slope of the best-fit line.

Through the use of (1) and (2), Z-R data points can be computed from each
drop size distribution to derive a Z-R relationship. Table 6 summarizes the
Z-R relationships on a day-to-day basis for the 12 days analyzed for GATE.

The best-fit curves for eight days during which drop size distributions were
obtained from seven or more rainshaft penetrations are shown in figure 6. It
is not possible to discern any significant day-to-day variation as a functicn
of elther flight altitude or mission type. Table 7 gives the rainfall rates
(vim hr™ ) as a function of Z(dB) for the eight days shown in figure 6. It can
be seen that, for radar reflectivity values between 35 and 50 dB, the daily
variability of the computed rainfall is quite small., A divergence of the
calculated daily rainfall rates is noted for Z(dB) values < 35 dB and > 50 dB.
Only in the latter case, that of extremely heavy rain rates, is the daily
variability likely to be of any practical consequence to the determination of
.radar-derived rainfall.

Since, at reasonable rain rates, there is no indication of high varia-
bility on a day-to-day basis or from mission type to mission type, the total
data set for the 107 Z-R points can be combined to derive an averaged Z-R
relationship. Figure 7 shows all of the individual Z-R points and the best-fit
line to the points derived from a regression of Z, the dependent variable, on
R, the independent wvariable, The Z-R relationship

7 = 170Rt* "2 (7)

has a correlation coefficient of .986, and this relationship is put forward as
the cloud base Z-R relationship for the GATE area.
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Composites of drop size distributions for various rainfall rates obtained from DC-6 foil

data during GATE.
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SELECTED DROP SIZE DISTRIBUTION
- DC-6 FOIL DATA 10 AUGUST 1974 -

R=3.1mm hr! N(D) =676 ¢ 194D
R=7.5mm hr-1 N(D)=535 ¢ -1.44D
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Figure 5. Five selected drop size distributions obtained from an analysis
of DC-6 foill data collected on August 10, 1974.
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Table 6. Daily Cloud-Base Z-R Relationships

Number of Calculated
Date rainshaft Z-R Correlation
(1974) __penetrations relationship coefficient
12 July 7 Z = 164 RL-5% 0.99
29 July 9 7 = 146 R1.53 0.99
3 August 15 7 = 261 Rl-3% 0.97
5 August 19 Z =176 R}-45 0.99
10 Adgust 12 z = 211 Rl.%7 0.98
11 August 5 Z = 163 R1.58 0.97
13 August 12 z = 291 R1-38 0.98
14 August 3 Z = 150 Rl.4% 0.99
17 August 3 Z = 116 R!.%3 0.99
30 August 5 z = 179 rl.38 0.99
6 September 10 Z = 163 R1.5% 0.99

14 September 7 Z = 118 R1.6% 0.99
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1 7 = 163RL.3%
2 Z = 146R1.55
3 Z = 26IRl-3%
- Lz = 176RL:H45
. 5 7 = 211R1:#7
< 6 Z= 22}+Ri'ii
1 7 Z = 164RL:
E O 8 z = 118R1-66
" n
|_
<
1 of
-
31100_ - Z-R CURVES FOR 8 GATE DAYS ]
w OBTAINED BY AIRCRAFT NEAR CLOUD
< o BASE.
m —
1,7//'4
4
1 | 1 | 1 | 1 ] |
10° 10° 10* 10°
RADAR REFLECTIVITY (mm®6 m-3)
Figure 6. Daily best-fit Z-R relationship curves obtained from an analysis of DC-6 foil data collected

near cloud base on eight days during GATE.
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Table 7. Rainfali Rates (mm hr~1) as a Punction of Z (db) for Eight Paily Z-R Relationships Cbtained at
Cloud Base During GATE
1 2 3 4 5 6 7 8

z (@) |66 &% 146 &7 261 &M 176 12465 211 B4 201 ®UP® 163 REOY 116 81466
60 287 298 472 388 317 365 288 232
55 136 142 200 175 145 158 136 116 -
50 64 68 85 79 66 69 65 58
45 30 32 36 36 30 30 31 29
40 14 15 15 16 14 13 14 15
35 7 7 6 7 6 6 7 7
30 3 3 3 3 3 2 3 4
25 2 2 1 1 1 L 2 2
20 1 1 <1 1 1 <1 1 -1

Z (db) = 10 log Z, (mm®m=3); 2Z

R (mm hr~!) = (

zo) k
a

where Lk
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Best-fit Z-R relationship drawn to all data points obtained through an analysis of DC-6 foil
data collected near cloud base within the GATE B-scale array.



Table 8 provides an additional stratification of the total set of Z-R
points as a function of rainfall rate. Here, all the Z-R points greater than
the R values indicated in the first column are used to calculate a Z-R rela-
tionship. It can be seen that the rainfall rates computed for 50, 45, 40, and
35 dB are, for all practical purposes, completely unaffected by the stratifica-
tion by rainfall rate. This is displayed graphically in figure 8 where the
best-fit Z-R relationship is plotted to data points (not shown) stratified as
a function of rainfall rate. The best—fit lines to three values of rainfall
rate (R > 0, R > 7.5 mm hr~}, and R > 12,5 mm hr™!) are shown. Lines drawn
to intermediate rainfall values would fall superimposed on the three shown.
This indicates that the best-fit Z-R relationship is not unduly weighted by a
predominance of data points at any given rainfall intensity.

6. RESULTS -~ SHIPBORNE PROGRAM

Measurements of raindrop size distributions were taken on board the NOAA
ship Researcher during the three phases of GATE. Table 9 presents the dates,
number of showers, number of showers analyzed, and the GATE convective code
for that day.“ The table indicates that only nine showers, accounting for 137
individual distributions, were analyzed from a possible total of 42, This was
partly the result of a signal-to-noise problem that is inherent in the distro-
meter and partly a consequence of many showers being too light (sampling on
the periphery instead of the core) to insure an adequate number of drops
recorded in an acceptable number of bins to derive a representative distribu-
tion.

Figure 9 shows five drop size distributions from the distrometer for
various rainfall rates recorded on June 30, 1974, Unlike most drop spectra
which are characterized by an exponential decay, the distrometer distributiomns
do not exhibit such a shape for drop diameters < 2 mm. This feature in the
t'drop spectrum is most likely the result of a detection problem of the distro-
meter that occurs when it is placed in a high background noise envircnment.
The distrometer transducer is basically similar to a microphone that cannot
only detect raindrops, but which is also sensitive to background ncise. The
processor unit of the distrometer has a noise-suppression circuit which acts
to level shift the mean detectable signal to filter out the background noise.
However, this circuit also eliminates the detection of all raindrops that have
a signal intensity less than the level-shifted mean detectable signal.

In the shipboard environment, the background sound level was very high
with the presence of continuous generator and motor noise., The result of this
high background noise for the distrometer measurements is that all drop sizes

< 1 mm were completely eliminated, and the number of drops recorded in the
1- to 2-mm range was greatly reduced. An attempt has been made to account for
this problem in the analysis by extrapolating a best-fit curve to the distri-
bution of drop sizes not affected by the noise problem back to small drop
diameterd in a consistent manner. Figure 10 illustrates how the drop size
distributions for the five rainfall cases on June 30 (shown in figure 9) can

"A detailed description of this convective code adopted by the GATE ships is
found in GATE Information Bulletin #8, September 1, 1975.
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ZTable 8. Cloud-Base Best-fit Z-R Relationships as a Function of Rainfall Rate

R at R at R at R at

Correlation 50 db 45 db 40 4db 35 db

Stratification No. data points Z-R relationship coefficient me hr=! gm br=! @m hr™! om hrol
All data 107 z = 170 R!-%2 0.986 66 31 15 7
R> 2.5 mm hr-l 100 Z = 173 R1+51 0.980 67 31 15 7
R> 5.0 om hr-! 86 Z = 186 Rl-49 0.974 68 31 15 7
R> 7.5 mm hrl 63 Z = 192 R1-48 0.949 68 31 14 7
R > 10.0 mm hr-! 56 Z = 138 g1.58 0.941 65 31 15 7
R > 12,5 mm hr! 49 Z = 140 g1-58 0.937 64 31 15 7
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Figure 8. Best—-fit Z-R relationship curves as a function of rainfall rate obtained from an analysis of

DC-6 foil data collected during GATE,



Tablg 9. Catalog of GATE Distrometer Data from the NQOAA Ship "Researcher"

DATE No. of showers Mo. of showers analyzed  Convective codel
6/28 3 0 2-3

6/29 1 1 1-2

6/30 4 1 1-3

7/2 1 0 2-3

7/3 1 0 1

7/4 1 0 1

717 1 ] 1-4

7/8 2 1 1-3

7/14 i3 0 1-4

7/28- 3 1 3-4

8/2 2 1 3-4

8/3 2 0 4

8/12 2 0 3-5

8/18 2 1 intercomparison
9/2 1 0 3-4

9/4 2 1 3-4

9/5 2 0 2-3

9/12 2 ) 0 3-4

9/16 5 2 2-4

9/17 1 0 2-3

9/19 1 0 2-4

g/21 2 0 intercomparison
1

Code 1: extremely depressed convection; Code 2: moderately-slightly
depressed convection; Code 3: weakly enhanced convection; Code 4:
moderately enhanced convection; Code 5: strongly enhanced convection.
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Figure 9. Unmodified selected drop size distributions obtained from an
analysis of "Researcher" distrometer data collected on June 30, 1974.
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Figure 10. As in figure 9, except drop size distributions modified at the
small end.
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be modified by extrapolating backwards from the large end of the spectrum,
The most logical way to test the validity of this technique from available
data was to compare the derived precipitation amounts from the integrated
modified distrometer distributions to those from the siphon gages (located on
the mast and boom) or from the wedge gages (located elsewhere on the ship).

Table 10 shows the 6-minute averaged precipitation amounts for the siphon
gage, the indicated distrometer, and the corrected (modified) distrometer
data for a shower which passed over the Researcher on July 8, 1974, The cor-
rected distrometer amounts are slightly less than those for the siphon gage,
but provide a much better comparison with the gage than do the uncorrected
distrometer amounts. The siphon gage data were available for September 4 and
16, 1974, and a similar correction procedure was carried out for those days.
Siphon gage data were not available coincident with usable distrometer data
on any other day. The availlable wedge gage data were unsultable as a basis
for intercomparison with the distrometer because the gages were read too in-
frequently (once every 6 hours). It was decided, therefore, that for these
cases, the best way to correct the distrometer was to extrapolate the drop
size distributions back to small drop diameters in the same manner as that
which had been applied to the three days with siphon gage data.

Figure 11 shows composited drop distributions (from the uncorrected data)
for eight rainfall rates. The solid line indicates the mean distribution and
the shaded area is a measure of two standard deviations away from the mean.
These composites appear to exhibit the same general trends as a function of
rain rate as those from the airecraft, although the drop concentrations at
small diameters (D < 2 mm) generally are reduced compared with those from the
aircraft (sampling problem just discussed), and these distributions are some-
what narrower (fewer large drops) than are those from the aircraft. A complete
listing of the drop size distributions for each 120-second interval of each
shower is given in Appendix B, both for the raw (uncorrected) and modified
distrometer data.

Again, through the use of (1) and (2), Z-R points can be derived from each
drop. size distribution. Table 11 presents the Z-R relationship for the actual
and modified distribution for each of the nine showers sampled. Figures 12
and 13 show the shower-to-shower variability for the Z-R relationship derived
from the modified and unmodified drop distribution data, respectively. It can
be seen that the daily variability of the Z-R relationship derived from the
distrometer data is congiderably greater than that derived from the foil
impactor data shown in section 5. This is particularly true in the case of
the modified data set. Table 12 gives the rainfall rates (mm hr™1) as a
function of Z{(dB) for the eight modified case days shown in figure 10. The
rainfall rate variability from case to case within the Z{dB) range of 35 to 50
is considerably greater than that derived from the foil data shown in table 7.

Since all the distrometer data is taken from approximately the same fixed
location, and since there are not enough shower cases to determine the Z-R
variability as a function of different types of synoptic conditions, the total
data set was combined to derive an averaged Z-R relationship. Figure 14 shows
all of the modified Z~R points along with the best fit line to the points.
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Table 10. Comparison of Distrometer-Derived Rainfall with that from Siphon
Gage _on Board "Researcher"

6-minute averaged, July 8, 1974 - Researcher

Distrometer
Time Siphon Gage (mm) Uncorrected Corrected
1745-1751 6.2 3.5 4.6
1751-1757 10.9 6.7 12.0
1757-1803 9.3 5.1 7.8
1803-1809 7.6 3.0 6.3
1809-1815 6.7 1.7 2.4
1815-1821 3.9 1.0 1.4
1821-1827 7.3 2.6 4.5
1827-1833 6.4 2.1 3.3
Total 53.8 24.7 42.3
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tabio 11. Daily #2-R Relationships from Ship 'Researcher”

[T R I SR T

Distrometer Best-fit Best-fit

start time No. data Z-R relationship Correlacion £-R relationship Correlatian

Date (1974) Tape ID (GIT) points (modified data) coefficient (actual data) coefficieat
29 June 1P04 NA 8 zZ = 142Rl'19 0.98 2 = 37581-19 0.99
30 June 1P05 NA 24 z = g4rt-41 0.99 z = 495pL-18 0.96
8 Tuly 1P14 1745 24 2 = 296g1°23 0.97 2z = 204136 0.98
28 July 2P0l NA 19 z = 159r%+30 0.95 2z = 699R% 09 0.93
2 August 2P05 2126 17 z = 1978%-0? 0.99 z = 4328307 0.99
18 August 2p11 0750 19 z = 61873 0.98 Z = 4028125 0.99
4 Septewber P03 1845 8 z = 3638+ 03 0.99 z = 582R1-03 0.96
16 Septemher {a) 3PG8 1020 10 z = 2978} 12 0.98 z = 487R1-24 0.59
16 September (b) 3P03 1112 8 2z = 2968112 0.99 z = ag5pl-13 0.9%
ALL DATA - — 137 z = 170rL.29 0.97 z = agsplel? 0.8

Note: Sample time 120 sec per data point, Drop distribution modified in
small size range. See Appendix B.
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Table 12. Rainfall Rates (mm hr_l) as a Function of Z(db) for Eight Daily Z-R Relationships Obtained
at the Surface (Shipborne) During GATE

z(ab)  94r1-41  g1r1.53 1418119 159Rr1-30  197R1.09  29grl-12  296R1.23  363R1.03

55 317 271 654 345 873 506 291 715
50 140 128 248 142 303 181 114 234
45 62 60 95 49 106 65 45 76
40 27 28 38 24 37 23 18 25
35 12 13 14 10 13 8 7 8
30 5 6 5 4 4 3 3 3
25 2 3 2 2 2 1 1 . 1

20 1 1 1 1 1 <1 <1 <1
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The Z-R relationship
z = 170R*+ %9 (8)

obtained by regressing the dependent wvariable Z on the independent variable

R has a correlation coeffieient of .97, and it is this relationship around which
discussions of the distrometer~derived surface Z-R relationship for the GATE
area® in section 7 are based.

Table 13 provides an additional stratification of the distrometer-derived
best-fit Z-R relationship as a function of rainfall rate. It can be seen that
the elimination of the 33 data points associated with light rainfall rates
( < 5.0 mm hr~1) results in a Z-R relationship with a greater slope and tends
to decrease R at a high value of Z (50 dB). The change in R for moderate
values of Z (35 dB to 45 dB) is not strongly noticeable, however., Figure 15
provides the best-fit Z-R relationship curves drawn to data points {(not shown)
stratified as a function of three rainfall rates (R > 0, R > 7.5 mm hr~!, and
R > 12.5 mm hr™!). The best—fit lines for the other rainfall rates given in
table 13 would fall between those shown in figure 15.

7. DISCUSSION OF RESULTS

The drop spectra measurements obtained during GATE with the foil impactor
on the NOAA DC-6 aircraft provide a consistent set of derived Z-R relationships
that have only minor, day-to-day variability (fig. 6). The practical conse-
quence of this is shown in table 7, where it can be seen that, within the range
of the highestsreflectivity values (30 to 50 dB) that are most likely to occur,
similar rainfall rates are computed from each of the daily Z-R relatiomnships.
Stratification of the foil-derived set of Z-R data points on the basis of rain-
fall rate (table 8) makes no practical difference to the calculated rainfall
rates for values of radar reflectivity = 50 dB. The foil data provide drop
distributions that are, in most cases, monomodal and feature an expected
exponential decay in concentration for drop sizes = 1 mm in diameter (e.g.,
fig. 5). The mass integration of the drop size spectrum obtained through the
foil analysis usually gives shower-averaged rainfall contents of order
1 gnm 3, a value which appears to be quite reasonable,

The raw (unmodified) drop-spectrum measurements obtained with a raindrop
distrometer on the NOAA ship Researcher exhibited strong peculiarities at drop
sizes =<2 mm, This was most likely caused by insensitivity of the instrument
to small drop sizes due to a high level of continuous shipboard noise. As
is evident from curve #4 in figure 9, the distrometer-derived drop distributions,
on occasion, showed a suspicious-looking multimodal tendency. A comparison of

Note that the relationship Z = 170R1:29 as derived only from the distrometer
data collected on the NOAA ship Researcher. Results from distrometers on other
GATE ships are not discussed in this report.

5Geotus (personal communication) has calculated a mean radar reflectivity value
of 26 dB with an 8-dB standard deviation for observations taken on board the
Gilliss during Phase 3 of GATE. This would indicate, if we assume a normal
distribution of reflectivity values, that Z would be expected to exceed 44 dB
on only about 5 percent of all ocecasions,
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Table 13. Best-fit Z-R Relationships as a Function of Rainfall Rate (From "Researcher" Distrometer Data)

R at R at R at R at
No. data Correlation 50 db 45 db 40 db 35 db
Stratification points Z-R relationship coefficient mm hr™ mm he™!l  om hr mm hro-
All data 137 z = 170 r1:29 0.970 140 57 24 10
R>.2.5mm hrl 122 z = 131 MY 0.967 127 55 24 10
R> 5.0 mm hrl 104 Z = 100 R1:43 0.963 117 53 24 11
R> 7.5 mm hr-l 91 z = 99 rL-45 0.960 118 53 24 11
R > 10.0 mm he-l 72 7 = 92 pl+47 0.950 116 53 24 11
R > 12.5 mm het 61 z = 90 RrL.48 0.947 114 52 24 11
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figure 9 with figure 10 demonstrates the type of modification necessary to
produce drop spectra, the integration of which provide mass (rainfall depth)
measurements more consistent with those obtained by shipboard gages.

The degree to which the best-fit Z-~R relationship derived from the raw
(unmodified) distrometer data differs from that derived from the corrected
(modified) distrometer data can be seen by comparing curves #3 and #4 in
figure 16. The Z-R relationship derived from the raw data set has a slightly
steeper slope (1.19) than that derived from the modified data set (1.29), but
the Z-axis intercept (at R = 1) of the latter (170) is much less than that of
the former (484)}. The crossover point for the two curves occurs near a 2
value of 70 dB (rainfall rate approximately 4500 mm hr™!) with increasing
divergence between the curves at values of Z < 70 dB. As can be seen from the
distrometer section of table 14, this results in a rather large percentage
difference in computed rainfall rates between the two curves for all reflectiv-
ity wvalues < 60 dB. Since the range of radar reflectivities of greatest
frequency of occurrence within the GATE B-scale array probably lies between
20 and 50 dB, a shift in the best-fit Z-R relationship from the raw to the
modified distrometer data sget will make a significant difference to the calcu-
lated total rain depth as determined from radar.

A comparisen of curves #1 and #4 in figure 16 reveals that the best-fit
Z-R relationships derived from the aircraft untransformed (raw) foil data and
the shipboard-modified distrometer data also diverge from each other. In this
case, the crossover point is near 23 dB, but, by 50 dB, the difference in rain
rates derived from the two curves exceeds a factor of 2 (see table 14). It
is clear, therefore, that the best-fit Z-R relationships for the aircraft
-(DC-6) foil and shipboard (Researcher) distrometer data are not in close agree-
ment. No attempt has been made to derive a best-fit curve from the combined
distrometer/foil data set in this study.

A comparison of figure 9 with figure 10 shows that the corrections which
had to be applied to the distrometer drop-distribution data at the small end
of the spectrum were appreciable. The small end of the drop spectrum was
molded by correction factors which, though intuitively consistent with what
might reasonably be expected, were applied somewhat arbitrarily. The differences
in rainfall rate resulting from such corrections are dramatically apparent in
- figure- 10 where the actual and modified rainfall rates for each of the five
curves are shown., The rainfall rates derived from the modified data set were
‘about a factor of 3 greater than those derived from the actual data set for
curves #2 through #5. The very light rainfall case, curve #l, was modified by
nearly an order of magnitude in rain rate. Although it is clear from the
unmodified distrometer data shown in figure 8 that some correction at the
small end of the spectrum is necessary, we are not comfortable with the signi-
ficant changes that such corrections can make to the rainfall rates. The
resultant best-fit 3-R relationship to the modified distrometer data has been
shaped as much, or more so¢, by the corrections as by actual recorded data.
Therefore, we are forced to question the advisability of relying upon the
Researcher distrometer as a source of data for the derivation of a valid
Z-R relationship for the GATE B-scale array.

Figure 16 and table 14 also give results for the DC-6 foil data trans-
formed through use of a cumulative distribution function. A discussion of the

43




4

e
10 | | T ] [ | | |
i BEST-FIT Z-R RELATIONSHIPS _
FOR G.ATE. DATA.
T
£
510' — —
E
-t ]
i—
<l
o
j 1 Z=170 R::: (Untransformed foil data)
ol_ 2 Z=238 RV’ (Foil data transformed with CDF)
s TN 3 2=484 RS (Unmodified distrometer data)
T | 7 4 Z=170 R"29 (Modified distrometer data)
a 4 2 <3 |
I | I |_ I | 1 ] |
102 10° Ton 10°

RADAR REFLECTIVITY (mm6é m-3)

Figure 16, Best-fit Z-R relationship curves for the GATE B-scale array obtained through an analysis
of all (1) untransformed DC-6 foil data, (2) CDF-transformed DC-6 foil data, (3) unmodified "Researcher"
distrometer data, and (4) modified "Researcher" distrometer data.
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Table 14. Rainfall (mm hr~l) as a Function of Radar Reflectivity (db) for Various GATE Z-R Relationships

Cloud base foil impactor data Surface distrometer data .
(untransformed) (transformed with CDF)1 (unmodified) (modified)
Z (db) z = 170 8152 z = 238 rL-37 z = 484 r1-19 z = 170 r1-29
60 302 203 611 836
55 142 98 232 342
50 66 47 88 140
45 31 23 34 57
40 15 1L 13 24
35 7 5 5 10
30 3 2 2 4
25 2 1 <l 2

1
Transformation of foil data through use of a cumulative distribution function (CDF) is discussed in detail in
Appendix C.



rationale and procedure for using such a transformation is presented in
Appendix C. Results from the analysis of the untransformed foil data have
been presented in the main text because this type of approach is consistent
with the many Z-R observations recorded in the literature (e.g., table 1).
Although a discussion of the procedure for transforming drop size data through
use of a cumulative distribution function has been relegated to an appendix,
mainly because of the unconventional nature of that type of analysis, the
authors have confidence in the technique and feel that it deserves attention.
It can be seen from figure 16 that the slope of the best-fit curve for the
untransformed foil data differs little from that for the transformed data.
Table 14 shows that the rainfall rates computed from the two best-fit curves
differ comsistently by about a factor of 1.5 over the whole range of reflectiv-
ity wvalues, the rainfall for the transformed data being lower.

For the sake of consistency with other published data, the authors
suggest that the best-fit curve to the untransformed foil data

z = 170r1-52 (9)

best represents the Z-R relationship for the area of the GATE B-scale array.
The rain rates as a_function of Z derived from (9) give R values of 66, 31,

15, 7, and 3 mm hr~1l for Z values of 50, 45, 40, 35, and 30 dB, respectively.
This can be compared to R values of 49, 24, 12, 6, and 3 mm hr ~ for the
corresponding Z values (50, 45, 40, 35, and 30 dB) derived from the "classical
Marshall-Palmer (1948) relationship

7 = 200R%'9 . (10)

It can be seen that differences in rain rates derived from the tweo expressions
diverge and begin to become appreciable for Z = 40 dB.

&, SUMMARY AND CONCLUSIONS

Drop spectra data were cbtained during GATE with a foil impactor mounted
on the wingtip of a NOAA DC-6 aircraft and a distrometer exposed on the flying
bridge of the NOAA ship Researcher. Toil data were collected at or near
cloud base and were analyzed on a per-rainshaft-penetration basis by an opti-
cal scanning device for 12 GATE days, most of which occurred during the second
phase. The distrometer data were analyzed in 2-minute intervals for the dura-
tion of nine showers that occurred during 8 GATE days. Values of radar reflect-
ivity (Z) and rainfall rate (R) were calculated as a function of the drop size
distribution for each analyzed unit, A total of 107 Z-R data points are
available from the foil analysis, and 137 Z-R data points are available from
the distrometer analysis.

The drop spectra derived from an analysis of the foil data appear reason-
able in terms of an exponential decay of the form

N@) = Noe"\D (11)

for D 2 1 mm. The drop spectra derived from an analysis of the distrometer
data, however, are not found, for the most part, to decay exponentially for
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D £ 2 mm, It is suspected that a continuous level of shipboard noise resulted

in a loss of instrument sensitivity for drops =2 mm in diameter. A modifica-

tion of the small end of the drop spectra obtained from the distrometer analy-

sis was attempted with siphon gage data as a means of ground truth comparisom.

The modification to the spectra resulted in substantial changes in distrometer-
derived rainfall rates and calculated radar reflectivities.

The best-fit Z-R relationship to the modified distrometer data set has
the form 1.29
Z = 170R™"

The best~fit Z-R relationship to the foil data (without any transformation)
has the form 1.59
z = 170R1*?

Although the Z-axis intercept (at R = 1) is identical in the two expressions,
the slopes are sufficiently different to induce rather large differences in

R as a function of Z over the important range Z = 30 dB to Z = 50 dB. We
have chosen not to attempt to derive a best-fit expression to a combination
of the two sets of data, since each set appears to be mutually exclusive,
Because of the arbitrary nature of the rather significant modifications which
had to be made to the drop spectra derived from the distrometer, we feel that
most weight should be placed on the cloud-base Z~R relationship (9) obtained
through the analysis of the foil data.

A method of transforming the foil drop spectra data through a cumulative
distribution function is described in Appendix C, This technique allows for
the derivation of a best-fit equation to a histogram of drop sizes while main-
taining internal consistency between the total drop concentration and the
integrated mass of rain water. The main advantage of applying the technique
is the alleviation of sampling volume problems which can occur at the large
end of the spectrum. This technique is unconventional and inconsistent with
the manner in which previously published Z-R relationships have been obtained,
but it is felt that such an approach has considerable merit and may be
utilized more in the future.

9. ACKNOWLEDGMENTS

Jack Thomas of NHEML's Cumulus Group was responsible for a large portion
of the foil impactor data processing, and the authors are most grateful for
the care and dedicated effort he displayed in carrying out this very tedious
task. Processing of the distrometer data was carried out primarily by Matt
Bamberg, now at Florida State University. The authors express gratitude to
Dr. William Woodley for his interest and support throughout this study, and
to Drg. William Cotton (now at Colorado State University) and Anthony Olson
(now at Batelle Northwest) for the mathematical treatment of the cumulative
distribution function. The project was funded by the NOAA GATE Project Office.

47




REFERENCES

Andrews, J. B., 1961: Size distribution of precipitation elements. Ph.D.
thesis. London University (479, 602).

Atlas, D., and A. C. Chmela, 1957: Physical-synoptic variations of drop-
size parameters. Proc. Sixth Wea. Radar Conf., pp. 21-30, Boston:
Amer, Meteor., Soc.

Battan, L. J., 1973: Radar Observation of the Atmosphere. University of
Chicago Press, 324 pp.

Best, A. C., 1950: Empirical formulae for the terminal velocity of water
drops falling through the atmosphere, Quart., J. Roy. Meteor. Soc.,
76, 302-311,

Blanchard, D. C., 1953: Raindrop size distribution in Hawaiian rains.
J. Meteor., 10, 457-473.

Boucher, R, J., 1951: Results of measurements of raindrop size. Proc.
Conf. on Water Resources, pp. 293-297, Bull., 41, Urbana: Illinois
State Water Survey.

Cornford, 5. G., 1967: Sampling errors in measurements of raindrop and
cloud droplet concentratioms. Meteor., Mag., 96, 271-282.

Cornford, S. G., 1968a: Sampling errors in measurements of particle size
distributions., Meteor. Mag., 97, 12-16.

Cornford, S. G., 1968b: The measurement of shower rainfall using an
airborne foil impactor. J. Appl. Meteor., 7, 956-957.

Cunning, J. B., Jr., 1976: Comparison of the Z-R relationship for seeded
and nonseeded Florida cumuli. J. Appl. Meteor., 15, 1121-1125.

Diem, M., 1966: Rains in the Arctic, Temperate, and Tropical zones.
Sci. Rept. Karlsruhe: Meteorologisches Institut Technische
Hochschule.

Dumoulin, G., and A. Cogombles, 1966: A comparison of radar values of
precipitation intensities and rainfall rate from a raingage. Proc.
Twelfth Conf. on Radar Meteor., pp. 190-197. Boston: Amer. Meteor,
Soc,

Foote, G. B., 1966: A Z-R relation for mountain thunderstorms. J. Appl.
Meteor., 2, 229-231.

Foote, G. B., and P. S§. Dutoit, 1969: Terminal velocity of raindrops
aloft. J. Appl. Meteor., 8, 249-253,

Fujiwara, M., 1965: Raindrop size distribution from individual storms.
J. Atmos, Sci., 22, 585-591,

48




Garstang, M., 1969: Development of experimental systems for, and the
study of meso- and convective-scale systems and air-sea interaction
in the maritime tropics. Final Report: Phase III to the Dept. of
Commerce, Florida State University.

Gerrish, H. P., and H. W. Hiser, 1965: Meso-scale studies of instability
patterns and winds in the txopics. Rept., 7, U. 8. Army Electronics
Labs., Fort Mommouth, N.J., 63 pp.

Gorelik, A. G., I. V. Gritskiv, L. A. Penvaz', and V. V. Tsykunov, 1967:
Rezultaty sovmestnykh radiolokatsionnykh i nazemnykh izmerenii
mikrostruktury osadkov (Results of simultaneous radar and ground
measurements of the microstructure of precipitation). Izvest,
Akad. Nauk SSSR, Fiz. Atmos i Okeana, Moscow, 3, 961-966.

Higegs, A. J., 1952: The measurement of precipitation by radar. Proc.
Third Radar Wea. Conf., pp. D49-D50. Montreal: McGill Univ.

Holle, R, L., 1968: Some aspects of tropical oceanic cloud populations.
J. Appl, Meteor., 7, 173-183.

Hood, A. D., 1950: Quantitative measurements at 3 and 10 cm of radar
echo intensity from precipitation. Rept. no. 2155. Toronto: Nat.
Res. Council of Canada.

Imai, I., 1960: Raindrop size distributions and Z-R relationships. Proc.
Eighth Wea. Radar Conf., pp. 211-218. Boston: Amer. Meteor. Soc,

Jones, D.M.,A., 1955: 3-cm and 10-cm wavelength radiation backscatter from
rain. Proc. Fifth Wea., Radar Conf., pp. 281-285. @Boston: Amer.
Meteor. Soc.

Joss, J., J. C. Thams, and A, Waldoogel, 1970: The variation of rain-
drop size distributions at Locarno. Proc. Internat. Conf. on Cloud
Physics, pp. 369-373, 1968, Toronto, Canada.

Litvinov, I, V., 1956: Funktsii raspredeleniia chastits zhidkikh osadkov
(Distribution function of liquid precipitation particles). Izvest.
Akad. Nauk SSSR, Ser Geofiz., Moscow, no. 12, pp. 1474-1483,

Marshall, J. S., R, C. Langille, and W.M.K. Palmer, 1947: Measurement of
rainfall by radar. J. Meteor,, 4, 186-192,

Marshall, J. S., and W.M.K. Palmer, 1948: The distribution of raindrops
with size. J. Meteor., 5, 165-166.

Mercerety F. J., 1973: An extended analysis of raindrop spectra from
tropical storm Felice. Washington, U. S. Dept. of Commerce,
NOAA/NHRL, Project Stormfury Annual Report 1972, Miami, Appendix 7.

Muchnik, V. M., 1961l: O Tochnosti izmereniya intensivnosti dozhdei
radiolokatsionnymi metodami (The accuracy of radar rain-intensity
measurements). Meteor, i Gidrol., Moscow, no. 2, pp. &44-47.

49




Mueller, E. A., and A. L. Sims, 1966: Investigation of the quantitative
determination of point and areal precipitation by radar echo

measurements. Final Rept., Contract DA 28=043 AMC00032(E).
Urbana: TIllinois State Water Survey.

Ramana Murty, Bh. V., and S. C. Gupta, 1959: Precipitation character-
istics based on raindrop size measurements at Delhi and Khandala
during southwest monsoon. J. Sci. Industrial Res., New Delhi,
184, pp. 352-371. :

Sal'man, E. M., 1957: Radiolokatzionnye issledovaniia livnel i groz
(Radar investigations of showers and thunderstorms). Trudy
Glavnoi Geofiz. Obs., Leningrad, no. 72, pp. 46-65.

Scheter, R. M., and R. G. Russ, 1970: The relation between imprint size
and drop diameter from an airborne drop sampler., J. Appl. Meteor.,
9, 123-126.

Shupiatskii, A. B., 1957: Radiolokatsionnoe izmerenie osadkov pc metodu
etalonnoil tseli (Radar measurement of precipitation by means of a
reference target). Trudy Tsentral. Aero Obs., Moscow, no., 22

Sivaramakrishnan, M. V., 1961: Studies of raindrop size characteristics
in different types of tropical rain using a simple raindrop
recorder. Indian J. Meteor. Geophys., 12, 189-217.

Stout, G. E., and E. A. Mueller, 1968: Survey of relationships between
rainfall rate and radar reflectivity in the measurement of pre-
cipitation. J. Appl. Meteor., 7, 465-474,

Twomey, S., 1953: On the measurement of precipitation intensity by radar.
J. Meteor., 10, 66-67.

Weickman, H. K., 1973: Cloud physics program in support of GATE. ERL
APCL-16, NOAA Technical Memorandum, 34 pp. i

Wexler, R., 1947: Radar detection of a frontal storm 18 June 1946.
J. Meteor., 4, 38-44.

Wexler, R., 1948: Rain intensities by radar. J. Meteor., 5, 171-173.
Wexler, R., 1955: An evaluation of the physical effects in the melting

layer. Proc. Fifth Wea. Radar Conf., pp. 329-334., Fort Monmouth,
N.J.: Engineering Lab,, Signal Corps.

50




Appendix A
Drop Size Distributions from the DC-6 Foil Tmpactor

This appendix presents the complete list of 107 drop size distributions
collected near cloud base for the 12 days analyzed for GATE. The heading
section for each drop size distribution contains the date, beginning time,
sampling duration, and sampling volume for that distribution. It also gives
the computed Z and R values from the actual and cumulative distribution
function, CDF (see Appendix C) data. Column 1 gives each of the 10 drop size
categories, Columns 2 and 3, respectively, give the midpoint diameter for that
category and the actual number of drops measured in that category. Columns 4
and 5, respectively, show the normalized distributions for a AD spacing of
.432 mm and the normalized distributions for a AD spacing of 1.0 mm for the
actual data set. Columns 6, 7, and 8 present the data derived from the cumu-
lative distribution function. Column 6 gives the number of drops in each drop
size category and columns 7 and 8 present the normalized distributions for
a AD spacing of .432 mm and a AD spacing of 1.0 mm, respectively.

The minimum and maximum drop diameters for each size category are given at the
end of table A-l, page 70.
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fable A-l. Droo Distribution Data Optained Near Cloud Base from DC-6 Fpil Jmpagtor
T T ; ' : : .
| Midpoint ! l Actual Actual CDF CDF Midpoint Actual | Actual | ; CbF } CDF
Drop size idiameter Actual |, .mo- no, CDF ne, no. Drop size | diameter | Actual | no. | ne., | CDF ( mo. | Do
gategory {mm}y mo.  1{m3aD-1Y | (m3mm=ty | mo. ?(mat\D'l) {mmm 1) category | {(mm) no. | {31y (nieeml) ! ono, ' {mian—ty  (p¥inn-1y
112 Jduly 74 Pass duration: 253 sec 12 July 74 Pass duration: 33 sec .
! Begin time: 142514 GMT Sample volume: 7.6 Beqin time: 161037 GMT Sample volume: 1.0 i
PZ(ACT) = 1091; R{ACT) = 3.5; Z{CDF} = 1499; R(CDF) = 3.3 Z{ACT) = 69; R(ACT) = 0.5; Z(CDF) = 94; R{COF) = 0.5 {
i
1 I 0.22 2556 338 782 3328 440 1018 1 0.22 366 368 g52 i 410 ¢ 412 954
2 0.65 1704 225 521 1260 166 384 2 0.65 138 13% 322 P92 92 213
3 1.08 770 102 236 477 63 146 3 1.08 22 22 51 1201 22 3l
4 | 1.51 274 36 83 180 24 55 4 1.51 2 2 5 4 5 5 12
5 ' 1.94 (13 6 14 68 9 21 5 1.94 - - - -1 - ' -
6 I 2.38 7 1 2 26 3 7 6 2.38 - - - | - - -
7 2.81 - - - - - - 7 2.81 - - - i -1 - : -
8 Y - - - - - - 8 3.24 - - - b~ - -
9 i 3.67 - - - - - - 9 3.67 - - - b - i - .
10 i 4,05 I = - - - - - 10 4,05 - - - ! l - : -
i :
12 July 74 Pass duration: 43 sec 12 July 74 Pass duration: 53 sec :
: Begin time: 1440714 GMT Sample volume: 1.3 Begin time: 163327 GHT Sample volume: 1.6 !
 Z{ACT) = 28705 R(ACT} = 6.5; Z(CDF) = 3666; R(CDF) = 5.6 Z{ACT) = 1617; R(ACT) = 4.8; Z(CDF) = 1979; R({CODF) = 4.2 !
1 0.22 374 289 669 464 359 831 1 0.22 521 327 757 685 430 © 995
2 0.65 222 171 396 206 159 368 2 0.65 329 207 479 279 |- 175 v 4035
3 1.08 137 106 245 9L 70 162 3 1.08 212 133 1) 14 71 164
4 1.51 63 53 123 40 31 72 4 1.51 77 48 111 &6 29 i 67
5 1.94 27 21 49 18 V14 32 5 1.94 14 9 21 19 1z , 28
6 2.38 4 3 7 . B 6 14 [ 2.38 3 2 5 8 5 i 12
7 2.81 1 1 2 4 3 7 7 2.81 - - - - - E -
8 3.24 - - - - - - 8 3.24 - - - - - ! -
9 3.67 - - - - - - 9 3.67 - - - - - i -
10 4.05 - - - - - - 10 4.05 - - - - - J -
12 duly 74 Pass duration: 143 sec 12 July 74 Pass duration: §0 sec !
i Begin time: 153521 GMT Sample volume: 4.3 Begin time: 165749 GMT Sample volume: 1.8 i
| Z(ACT) = 22215 R(ACT) = 5.7; Z(EDF) = 2299; R{CDF} = 4.8 Z{ACT)} = 19274; R(ACT) = 20.0; Z(CDF) = 20468; R(CDF} = 15.6°
1 0,22 1432 334 773 1939 453 1049 1 0,22 449 250 579 448 249 576
2 0.65 1042 243 562 809 189 437 2 0.65 162 20 208 253 141 586
3 1.08 567 132 305 337 79 183 3 1,08 137 76 176 143 | 80 185
4 1.51 199 46 106 141 33 76 4 1.51 108 60 139 81 i 45 104
5 1.94 74 17 39 59 14 32 5 1.94 B9 50 116 46 26 60
6 2.38 12 3 7 24 6 14 6 2.38 62 35 81 25 14 32
7 2,81 - - - - - - 7 2,81 18 10 23 15 8 19
8 3.24 - - - - - - 8 3.24 3 3 7 8 5 12
9 3.67 - 9 3.67 1 1 2 5 3 7
10 4.05 - - - 10 4.05 - - - - - -




€S

. e - fave Lrom RO I‘o;l Japacte fco”“"”‘-’“) T S,
| i 1 i H H | i
!‘ﬁdr-omt | Acruat Actual | | cor COF l M.[dpolut Actual | Actunl s boenE

Drop slze { tareter ; Actual uo. no. ClIiI-‘iI uo. no. Drop slze | diameter | Actual no. no. Ch¥ i ! no.

zategory | () | nc.__”_(n_l_aﬁb"l) {m*mm~!) | no. I (m34D~1) | (m3mm—1) category (mm) | no. (m:‘rlll 1) (n3mm'l) a0, |(n-‘an") | tmunm

12 July 74 Pass duration: 73 se¢ 29 July 74 Pass duration: 80 sec ;
v Bagin time: 165937 GMT Sample volume: 2.2 Begin time: 122400 GMT Sample volume: 2.4 i
! Z(ACT) = 36046; R(ACT) = 32.1; Z(CDF} = 32367; R{CDF) = 23.4 Z{ACT) = 2209; R(ACT} = 5.3; Z(CDF) = 3229; R(CDF} = 4.3 '
1 0.22 376 171 3%6 654 298 690 1 0.22 © 95 40 923 383 160 310
2 0.65 360 164 380 386 176 407 2 0.65 209 87 201 194 81 187
3 1.08 293 134 310 228 104 241 3 1.08 312 131 393 99 41 95
4 1.51 251 119 275 135 61 14t 4 1.51 123 51 11% 50 21 £9
5 1.94 176 80 185 79 36 83 5 1.94 32 13 30 25 il 25
& 2.58 76 35 Bl 47 21 49 6 2.38 6 3 7 3 5 12
7 2.81 kh i 14 az 28 13 30 7 2,81 1 5 v 1 7 3 7
8 3 24 15 7 16 16 7 16 3 3.24 - - - - z Z
9 3.67 8 4 9 10 4 9 9 3.67 - - - - -
10 4.05 - - - - - - 10 4.05 - - - - - -
| N D

i 29 July 74 ) Pess duration: 53 sec 29 July 74 Pass duration: 107 sec :
i Begin tima: 115300 gur Sample volume: 6 Begin time: 123284 GMT Sample volume; 3.2

i Z{ACT) = 242; R{ACT)} = 1.3; Z(CDF) = 161; R(CDF) = Z(ACT) = 6672; R(ACT) = 9.8; Z{CDF) = 5625; R(COF) =

1 | 0.22 139 £7 201 263 164 380 1 0.22 1095 344 796 1293 406 940 -
2 0.6% 155 97 225 102 64 148 2 0.65 608 191 442 609 191 442
3 1.08 121 76 176 40 25 58 3 1.08 398 125 289 287 90 208
4 1.1 15 9 21 15 10 23 4 1.51 188 59 136 135 42 97
3 1.94 - - - - - - 5 1.94 1190 35 81 64 20 LB
6 2.38 - - - - - - 6 2,38 43 13 30 30 -9 22
7 2,81 - - - - - - ) 2,81 3 1 2 14 4 g
8 3.24 - - - - - - 8 3,24 - - - - = -
9 Po3.67 - - - - - - 9 3.67 - - - - - -
10 i 4.05 - - - - - - 10 4.05 - - - - - i -
' T2 July 74 Pass duration: 33 sec 29 July 74 Pass durat 1on 27 sec .
{ Begin time: 115301 GMT Sample volume:r 1.0 Begin time: 130500 GMT Sample volume: :
i Z{ACT) = 792; R(ACT) = 3.3; Z(CDF) = 826; R{CDF} = 2.3 Z(ACT) = 2537; R{ACT) = 5.7; Z(CDF) = 3589; R(CDF) = !
|

1 0.22 111 113 257 262 263 669 1 0.22 56 70 142 170 213 493
2 Q.65 154 135 359 113 113 252 2 0.65 99 124 287 83 104 241
3 1.08 162 163 377 49 49 113 3 1.08 122 153 354 41 51 11¢
4 1.51 30 30 69 21 21 49 4 1.51 45 56 130 20 25 58
5 1.94 3 3 7 9 9 21 5 1.94 8 10 23 10 12 2
6 2.38 - - - - - - 6 2.38 2 3 7 5 & 14
7 2.81 - - - - 7 2.81 1 1 2 2 3 7
[ 3.24 - - - 8 3.24 - - - - - -
5 3.67 - - - - - - 9 3.67 - - - - - -
i0 4.05 - - - - - - 10 4,G5 - - - - - -
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Tanle A-i.Drop Sistributicn Bata Obtained iear Cloud Base from DC-6 Foil Impackor  (continued) - e s .
| i ;
i Midpeint E I Actual Actual D7 CEbF Midpoint Actual Actual chy poonr
brop size idiameter | Actual no. no. CDF no. no. Drop size | diameter | Actual no. nid . Cchor oo, 1o,
category | ‘mm} wo. | {miaD7L) | (wfmm”1) | me. | (m3aD1) | (m3mm~1) category (mm) no. |(@3aD~1) |[{mimn=1) | no. i(m3sl~!) [imsp-riny
'| 23 July 74 Pass duration: 23 sec 29 July 74 Pass duration: 160sec ;
| Begin time: 130507 GMT Sample volume: (.7 Begin time: 161535 GMT Sample volume: 4.8 t
Z(ACT) = 1035; R{ACT) = 4.0; Z{CDF} = 1061; R{CDF) = 3.1 Z(ACT) = 587; R(ACT} = 2.5; Z({CDF) = 624; R{CDF} = 1.7 |
1 0.22 239 343 FETA 356 511 1183 1 0.22 274 57 132 917 192 444
2 0.65 200 287 864 136 195 451 2 0.65 623 130 301 | 399 84 194
3 1.08 106 152 352 52 75 174 3 1.08 625 i3 303 | 174 36 83
4 1.51 27 L 3% 90 20 29 67 4 1.51 89 19 44 76 16 37
5 1.94 4 "6 14 8 11 25 5 1.9 13 3 7 33 7 16
] 2.38 - - - - - - [ 2.38 - - - - - =
7 2,81 - - - - - - 7 2.81 - - - - - -
3 3. 24 - - - - - - 8 3.24 - - - - - -
9 3.67 - - - - - - 9 3.67 = = = - - -
io 4,05 - - - - - - 10 4,05 - - - - - -
|
29 July 74 Pass duration: 130 sec 3 August 74 Pass duration: 20 sec |
Begin time: 144650 GMT Sample volume: 3.9 Begin time: 120930 GMT Sample volume: 0.6 !
Z(ACT) = 7553; R(ACT) = 13.8%; Z(CDF} = 11877; R(CDF) = 11.5 Z(ACT) = 1042; R{ACT) = 4.4; Z({COF) = 1778; R{COF) = 3.4 i
1 0.22 254 63 130 1030 265 613 1 0.22 98 164 380 280 46% 1086
2 0.65 , 507 131 303 560 144 333 2 0.65 227 380 880 113 159 437
3 1.08 838 216 500 305 78 181 3 1.08 125 209 483 46 76 176
4 .51 418 108 250 166 42 97 4 1.51 16 27 62 18 31 72
5 1.94 181 47 109 90 23 53 3 1.%94& 4 7 16 7 12 28
6 2,38 58 14 32 49 13 30 ] 2.38 - - - - - -
7 2.81 4 1 2 27 7 16 7 2,81 - - - - - -
8 3.24 1 5 1 15 [ 9 8 3.24 - - - - - -
9 3.67 - - - - - - 9 3.67 - - - - - -
10 4.05 - - - - - - 10 4,05 - - - - - -
i 28 July 74 Pass duration: 30 sec I 1 August 74 Pass duration: 30 sec
Begin time: 153345 GMT Sampla volume: 0.9 Begin time: 123134 GMT Sample volume: 9.9
Z{ACT) = 13635; R(ACT) = 18.6; Z{CDF) = 13775; R{CDF) = 12.3 Z{ACT) = 802; R{ACT) = 2.2; Z{CDF) = 941; R{CDF} = 1.9
- T —
3 .22 49 55 127 173 194 449 1 0.22 78 87 200 |1
2 0.65 86 96 222 102 114 264 2 0.85 119 133 308 2; 1;2 i‘;’i
3 1.08 93 104 241 60 67 155 3 1.08 51 57 132 28 3l 72
4 1.51 106 118 273 35 40 93 4 1.51 17 i9 44 12 13 30
5 1.94 65 72 167 21 23 53 3 1,94 5 6 14 [ 5 1z
6 2.38 15 17 39 12 14 32 & 2.38 1 1 2 2 3 7
7 2.81 7 8 19 7 8 18 7 2.81 - - - z - z
8 3.24 1 1 2 [ 5 12 8 3.24 - - - - - -
9 3.67 - s - - - - - 9 3.67 - - - -
10 4.05 - - - - - - 10 4.05 - - - .




GS

Parde pgeld prep tiutrabutijon Dote Obtalned Mear {;i‘pu‘r{_‘!fr;:q‘q From DC-6 Fofl rmpactor  (continued)
+

: : X E T T T T
i Midpoint i Actual Actual Ch¥ COF Miipoline Actual Actual I cnr | (M
Drep size idicmetor | Actual no. no cor no. no. Drop size | diameter | Actual no. ne. Ch¥ nn. | e,
catezozy | irmY | ne. | (m3aD™h) |(m'«'nm‘1) no. ! (r3aD~1) | (n3am1) eategory Cam) no. [ (m3ab=!) (oY1) | one. baelaply et Ty
i 3 August 74 Pass duration: 163 sec 3 August 74 Pass duration: 20 sec X
| Begin time: 121315 GMT Sample volume: 4.9 Begin time: 125622 GMT Sample volume: 0.6 :
_ Z{ACT) = 6143; R(ACT) = 6.9; Z(CDF) = 4669; R(CODF) = 6.3 Z{ACT) = 7892; R(ACT) = 13.0; Z(CDF} = 7465; R(COF) = 11.3 5
: . e e e :
1 0.22 2441 508 - 1171 | 2430 498 1153 1 0.22 386 846 1495 455 760 1759
2 0.65 1084 222 514 997 204 472 2 0.65 214 358 829 200 334 773
3 1.08 361 74 171 409 84 194 3 1.08 134 224 519 88 147 340
: 1.51 89 20 46 168 34 79 4 1.51 46 77 178 38 64 143
5 1.94 71 15 35 69 14 . 3z 5 1.94 19 a2 74 7 28 | 85
6 2.38 41 5 19 28 5 14 6 2.38 8 13 30 7 12 28
7 2.81 18 4 9 12 2 5 7 2.81 3 5 s 12 3 6 14
8 3.24 7 1 2 5 1 2 3 3.24 - - - - - -
9 1.67 - - - - - - 9 3.67 - - - -
10 4.05 - - - - - - 10 4,05 - - - -
| 3 August 74 Pass duraticn: 120 sec 3 Augqust 74 Pass duratien: 23 sec ;
Begin time: 122445 GNT Sample volume: 3.6 Bagin time: 130320 GHMT Sample volume: G.7
! Z(ACT) = 3570; R{ACT) = 6.8; Z(CDF)} = 5359; R(COF) = 7.1 Z{ACT) = 2447+ R{ACT) = 5.7; Z(CDF} = 2300; R(COF) = 4.8 i
1 - |
: i
1 0.22 1335 373 863 1922 538 1241 1 0.22 261 374 866 - 346 497 115G
2 G.65 1216 318 782 799 223 516 2 0.65 201 288 667 141 202 470
3 3.03 323 146 338 332 93 25 3 1.08 76 109 252 58 83 - 192
4 1.51 136 38 88 138 39 %0 4 1.51 32 46 106 23 34 79
5 1.9t 50 14 32 57 16 kY] 5 1.94 12 17 33 10 14 32
3 2.38 32 9 21 24 7 16 ] 2,38 3 4 9 4 -6 i4
7 2.3 2 .5 1 10 3 7 7 2.81 - - - - - -
8 3.24 1 .3 .7 4 1 2 8 3.24 - - - - - -
9 3.67 - - - - - - 9 3.67 - - - -
10 4.05 - - - - - - 10 4.05 - - - -
i 3 August 74 . Pass duration: 280 sec 3 August 74 Pass duration: 183 sec
{ Begin time: 124922 @MT Sample volume: 8.4 Begin time: 130644 GMT Sample volume: 4.9.
| Z{ACT) = 1340; R{ACT) = 3.9; Z({CDF) = 1€18; R{CDF) = 3.7 Z{ACT) = 2097; R(ACT) = 5.0; Z(CDF) = 310§; R(COF} = 5.0
i
1 0.22 3886 465 1076 | 4769 570 1319 1 0.22 2 2
2 0.85 2345 280 648 |1725 205 477 2 0.63 gsg 313 ggg hgff. i;g 283
3 1.08 358 107 243 624 75 174 3 1.08 808 135 - 289 350 72 167
4 1.51 248 30 69 226 27 62 4 1.51 209 43 100 145 30 6%
5 1.94 83 10 23 82 10 23 5 1,94 54 1l 25 60 12 28
6 2.3 12 1 2 wl 4 9 6 2.38 10 3 5 25 5 12
7 2.81 Z - z Z - Z 7 2.81 4 1 2 19 2 5
a8 3.24 - - - - - - 8 3.24 - - - - _ -
9 3.67 - - - - - - b 3.67 - - - - -
10 5.05 - - - - - - 10 4,05 - - _ - - -




9¢

bata Obtained Wear €}

oud Base from DC-6 Fpil Impactor _(vontinued)

Iable 3-1,0rop Distribution

Midpoint | Actual Actual CDF CDF Midpoint Actual Actual <oy | cpr
Drop size |dlameter | Actual | ne. no. CDF ne. no, Drop size | diameter | Actual - no. no. CDF no. . mo.
category {m) no, 1 {(@3ab™l) {(mim™1) | no. | (m3aD~1) | (mimm~l) category {mm) no. | (m30-1) [(mdmo-1) | no. [(mPaD71) ! (n¥-m1)
| 3 August 74 Pass duration: 80 sec 3 August 74 Pass duration: 90 sec i
| Begin time: 1313122 GMT Sample volume: 2.4 Begin time: 141115 GMT Sample volume: 2.7
Z{ACT) = 18112; R{ACT) = 26.2; Z(CDF) = 20265; R(CDF} = 19.3 Z(ACT) = 24827; R(ACT} = 32.4; Z{CDF) = 24621; R(CDF} = 23.2 |
1 0.22 454 190 LA0 922 385 891 1 0.22 596 222 514 1188 442 1023
2 0.65 513 215 498 515 216 500 2 0.65 594 221 512 671 250 579
3 1.08 59 192 444 288 121 280 3 L.08 604 225 521 379 - 14l 326
4 .51 129 138 319 161 67 155 4 1.51 531 198 458 214 7% 153
5 1.94 229 96 222 90 38 88 5 1.94 261 97 225 121 45 104
6 2.38 91 38 88 50 21 49 6 2.38 103 38 B8 68 25 i 58
7 2.81 13 5 12 28 12 28 7 2.81 31 12 28 39 14 32
8 3.24 3 1 2 16 7 16 8 3.24 10 4 9 22 8 19
9 3.67 - - - - - - 9 3.67 - - - - - -
Jo 4,05 - - - - - - 10 4.05 - - - - - -
I 3 August 74 Pass duration: 143sec 3 August 74 Pass duration: 77 sec
| Begin time: 132723 GNT Sample volume: 4.3 Begin time: 141530 GMT Sample volume: 2,3
Z{ACT) = 16883; R{ACT) = 20.4; Z(CDF) = 286A7; R(CDF) = 20.4 Z(ACT) = 2173; R(ACT) = 3.6; Z(CDF} = 1795; R(CDF) = 3.4
1 0.22 1385 24 750 2074 485 1123 1 0,22 1153 504 1167 1156 505 I 1159
2 0.65 1100 259 600 1074 251 581 2 0.65 464 203 470 409 179 I 414
3 1.08 942 220 509 556 130 301 3 1.a8 91 40 53 145 63 146
4 L.51 501 117 271 283 67 155 [ 1.51 42 18 42 51 22 H 51
5 1.94 237 55 127 149 35 81 5 1.94 29 13 30 13 8 15
6 2.38 85 20 46 77 13 42 6 2.18 7 3 7 6 3 7
7 2.81 29 7 15 40 9 21 7 2.81 3 1 2 2 1 2
B 3.24 11 3 7 21 3 12 8 3,24 - - - - - I -
9 3.67 2 -] 1 11 2 5 9 3.67 - - - - - 1 -
10 4.0% 1 -2 .3 6 1 z 10 4.05 - - - - - ; -
3 August 74 Pass duration: 147 sec 3 August 74 Pass duration: 30 sec i
Begin time: 134839 gMT Sample volume: 4.4, _Begin time: 141749 GMT Sample volume: 0.9 !
Z{ACT) = 24583; R(ACT) = 28.5; Z(COF) = 30998; R{CDF) = 23.9 Z(ACT) = 5993; R(ACT) = 11.8; Z(CDF) = 4165; R{CDF) = 7.8 X
i
'
1 0.22 967 221 512 1847 422 977 1 0.22 229 256 553 293 %439 1016
2 0.65 1156 266 616  |1028 235 544 2 0.65 240 268 620 190 212 491
3 1.08 896 205 415 512 130 301 3 1.08 170 199 540 92 103 1 238
4 1.51 523 119 275 318 73 169 4 1.51 79 88 204 45 0 | 118
5 1.94 381 87 201 177 40 23 5 1,94 30 33 76 22 24 56
6 2.38 165 38 a8 98 22 51 & 2.38 14 16 37 10 12 28
7 2.81 48 11 25 55 13 30 7 2.81 - - - - - -
8 3.24 12 3 7 30 7 16 8 3.24 - - - - - ! -
s 3.67 5 1 2 17 4 ] 9 3.67 - - - - - -
19 4.05 - - - - - - 10 4.05 - - - - - -




LS

Iible p=1 Drop Distribution Data Cbtained Near Cloud Base from DC-6 Foil Impactor ({continued) s
L el L _==_=,_—a=:_,r£1__ L S — Mt -

Hidpoint Actual Actual CDF CCF Midpoint Actual Actual CLF p Chi
Drop size |dlameter | Actual no. noe. CDF no. noe. Drop size | diameter | Actwal 0. ne. CDF no. i ono.
category | (mm) no. | (3071} [ {m¥mm™1) | no. | (m¥aAD~D) | (m3mm~1) category (mm) no. |(m3AD-1) |(m3nw-1) | no. (m%[lll J_(ﬁ;‘}g_
i 3 August 74 Pass duration: 107 sec 5 August 74 Pass duration: 33 sec i
| Begin, time: 14292? GMT Sample volume: 3,2 Begin time: 74716 GMT Sample volume: 1.0
i Z(ACT) = 18283; R(ACT) = 22.4; Z{CDF) = 16548; R(CDF) = 15.6 Z{ACT) = 4067; R(ACT) = 6.9; Z(CDF) = 3910; R(CDF) = 5.2
1 i
1 0.22 504 158 366 929 291 674 1 0.22 101 101 234 190 191 i 442
2 0.65 538 169 39l 526 165 382 2 0.65 121 121 280 97 97 ! 223
3 1.08 445 140 324 298 94 218 3 1.08 85 85 197 49 49 | 113
4 1.51 306 g 222 169 53 123 4 1.51 47 &7 109 25 25 ! 58
5 1.54 198 62 143 96 30 69 5 1.94 27 27 62 13 13 i ac
[ 2.38 116 36 83 54 17 39 [ 2,38 5 5 12 7 7 i i6
7 2,81 29 9 21 il 10 23 7 2.8 2 2 5 3 3 i 7
8 3. 24 7 2 3 17 5 12 8 3.24 - - - - - i -
9 3.67 - - - - - - 9 3,67 - - - - ' -
10 4,05 ~ - - - - - 10 4.05 - - - - - i -
5 August 74 Pass duration: 127 sec 5 August 74 Pass duration: 33 sec ‘
Begin time: 111630 GMT Sample volume: 3.8 Begin time: 7124825 GMT Sample volume: 1.0 o
Z{ACT} = 17291; R(ACT} = 24.2; Z(CDF) = 11036; R(CDF)} = 13.4 Z{ACT) = 162163 R{ACT) = 21.6; Z(COF) = 10238; R(COF) = 12.4 )
1 0.22 390 103 238 1096 290 671 1 Q.22 159 159 368 292 293 1 678
2 0.65 596 158 366 631 167 387 2 0.65 123 124 287 166 166 ‘ 384
3 1.08 649 172 398 364 26 222 3 1.08 168 169 391 94 94 bo218
§ 1.31 482 127 294 209 55 127 4 1.51 120 120 278 53 53 l 123
5 1.94 302 80 185 121 32 74 5 1.94 66 66 - 153 30 30 69
6 2,38 126 33 76 69 18 42 6 2.38 25 25 58 17 17 I 39
7 2.81 40 1 25 40 11 25 7 2.81 13 13 30 10 1 |
8 3.24 - - - - - - 8 3.24 - - - - - | -
El 3.67 - - - - - - 9 3.67 - - - - - -
10 4,05 - - - - - - 10 4.05 o = - - = : -
5 Auqust 74 Pass duration: 73 sec : 5 August 74 Pass duration: 113sec '
Begin time: 112135 GHT Sample .volume: 2,2 Begin time: 125345 GMT Sample volume: '3.4 ’ !
Z(ACT) = 7923; R(ACT) = 12.9; Z{CDF) = 6598; R(CDF) = 8.3 Z(ACT} = 3276; R{ACT} = 6.6; Z{CDF) = 2343; R(CDF) = 4.3 :
i
1 0.22 213 97 225 594 226 523 1 0,22 423 125 289 780 230 532
2 0.65 265 i21 280 270 123 285 2 0,65 447 13z 306 283 113 262
3 1.08 288 131 303 148 67 155 3 1.08 400 118 273 189 | 56 130
4 1.51 189 86 199 81 37 86 4 1.51 166 49 113 93 27 I 62
5 1.94 93 43 100 [ 20 46 5 1.94 713 22 51 46 13 30
6 2.38 37 17 39 24 11 25 6 2.38 25 7 L& 22 7 16
7 2.81 6 3 7 13 6 14 7 2,81 - . - T - - - -
8 3.24 - - - - - - 8 3.24 - -. - I - - ! -
9 3.67 - - - - 9 3.67 - - - - - -
10 4.05 - - - - 10 4,05 - - - - - -




8¢

Takle A-:_!I;gggﬂhistz:ibut.ioglg-a_g_g Cbtained Near Cloud Base from DC-6 Fodl Im

ipactor  (continued)

i Z{ACT) = 3293; R{ACT) = 7.5; Z(CDF} = 2994; R(CDF) = 5.8

Midpoint Actual Actual CDTF ChF- Midpoint Actual Actual Ch¥
Drop size |diameter | Actual no. no. COF no. ne. - Drop size | diameter ! Actual no. ne. CDF no.
category 2min) uo. | ®3a071) | (m¥m~1) | wmo. | (m3paD~1) | (m3mm~1) category {mm) no. | (m3aD1) |(w3mm-1) no.
| 5 August 74 Pass duration: 50 sec 5 August 74 T Pass duration: 67 sec
| Bagin time: 130000 GMT Sample volume: 1.5 Begin time: 132320 GMT Sample volume: 2.0

Z(ACT) = 1492; R{ACT) = 4.5; IZ(CDF) = 938; R(CDF) = 2.5

ne.

{m3sn=1) 5 (i

1 0.22 429 287 664 704 471 1050 1 0.22 188 94 218 460 231 1 335
2 0.65 472 316 731 310 207 479 2 0.65 277 139 322 213 07 248
3 1.08 215 144 333 136 91 211 3 1.08 289 145 336 99 49 I 113
4 1.51 103 69 160 60 40 93 4 1.51 73 37 B6 46 23 ! 53
5 1.94 28 19 44 - 26 18 42 5 1.94 30 15 35 z1 11 ! 25
6 2,38 10 7 16 12 8 19 6 2.38 - - - - - -
7 2.81 - - - - - Z 7 2.81 - - - - -
8 3,24 - - - - - - ] 3.24 - - - - - -
9 3.67 - - - - - - ] 3.67 - - - - i -
10 4.05 - - - - - 10 &,05 - - - - - -

5 August 74 Pass duration: 83 sec 5 August 74 Pass duration: 83 sec

Begin time: 131530 GMT Sample volume: 2.5 Begin time: 133048 gMT Sample volume: 2.5

Z(ACT) = 10815 R{ACT) = 3.8; Z(CDF) = 1018; R(LDF) = 3.1 Z(ACT) = 10703; R(ACT} = 15.1; Z(CDF)} = 8225; R(CDF} = 11.4
1 0.22 1088 437 1012 1407 565 1308 1 0.22 1280 514 1190 1346 541 ! 1282
2 0.65 689 276 639 515 207 479 2 0.65 631 253 586 646 260 602
3 1.08 338 136 315 189 76 176 3 1.08 66 123 285 310 125 | 289
4 .51 86 35 81 6% 28 65 4 1.51 180 72 167 149 60 i 139
5 1.94 19 8 19 25 10 23 5 1.94 120 48 111 72 29 ¢ 67
6 2.38 - - - - - - 6 2,38 59 24 56 34 14 32
7 2.81 - - - - - - 7 2.81 14 6 14 17 7 16
8 3.24 - - - - - - 3 3.24 - - - - - -
9 3.67 - - - - - - 9 3.67 - - - - - -
10 4.05 - - - 10 4.05 - - - - - -

5 August 74 ‘ Pass duration: 60 sec 5 August 74 Pass duration: 87 sec 1

Begin time: 131915 GMT Sample volume: 1.8 Begin time: 135453 GMT Sample volume: 2.6 i

Z(ACT) = 248; R(ACT) = 1.4; Z(CDF) = 2223 R(COF) = 1.1 Z{ACT) = 7463; R(ACT) = 13.7; Z{COF) = 7714; R{CDF) = 10.)

- - . . y ] .

1 0.22 478 267 618 682 80 880 1 g.22 511 197 456 917 354 ‘ 819
.2 0.65 381 213 493 - 219 122 282 2 0.65 421 163 377 473 183 H 424
3 1.08 127 71 164 70 39 90 3 1.08 528 204 472 244 94 218
4 1.51 18 10 23 23 13 30 4 1,51 281 109 253 126 49 113
5 1.94 - - - - - - 5 1.94 116 45 104 65 25 | 58
6 2.38 - - - - - - 6 2,38 30 12 28 34 13 30
7 2.81 - - - - - - 7 2.81 7 3 7 17 7 16
8 3.24 - - - - - 8 3.24 - - - - - -
9 - 3.67 - - - - - - 9 3.67 - - - - - -
10 *T 4.08 - - - - - 10 4.05 - - - - - -




66

Table A-1.0rop Bistribution Pata Obtained Near Cloud Base from DC-6 Foil Impacter  (continued} it aimre ot e . m
| :
Midpoint Actual Actual CDF COF - . Midpoint Actual Actual ChF H i1
Drop size |dlameter | Actual ne. no. CDF Tno. no, Drop size | diameter | Actuwal /[ ne. no. LY no. . no.
catewory 1 (rm) no. | (@3aD71) | {w¥m"1) | no. [ (m3aD~1) | (m¥mm~1) category (mm) no. | (w301} w1} | no., ((mdaol) CindecTy
5 Auqust 74 Pass duration: 87 sec 5 August 74 Pass duration: 110 sec E
| Begin time: 135930 GMT Sample volume: 2.6 Begin time: 151648 GMT Sample volume: 3.3 !
l I(ACT) = 2088; R(ACT) = 5.3; Z(CDF) = 2109: R(CDF) = 4.2 Z{ACT) = 9429; R{ACT) = 16.6; Z{COF) = 8921; R{COF) = 11.8 i
1 0.22 734 283 655 925 357 826 1 0.22 714 217 502 1276 388 . 893
2 0.65 439 170 394 400 154 356 2 0.65 664 202 468 666 203 i 470
3 1.08 267 103 218 173 67 155 3 1.08 675 205 475 347 106 | 245
4 1.51 140 54 125 5 29 67 4 1.51 356 108 250 181 55 | 127
5 1.94 44 17 39 32 12 28 5 1.94 185 56 130 94 29 ! 67
6 2.38 5 2 5 14 5 12 6 2.38 65 20 46 49 15 35
7 2.81 - - - - - - 7 2.81 8 2 5 26 8 E 19
8 3.24 - - - - - - 8 3.24 - - - - - -
9 3.67 - - - - - - 9 3.67 - - - - - -
10 4.05 - - - - - - 10 4.05 - - - - - -
l 5 August 74 Pass duration: 167 sec ) 5 August 74 Pass duratien: 37 sec
i Begin time: 140848 GMT Sample volume: 5.0 Begin time: 152215 GMT Samptle volume: 1.1
i Z(ACT) = 160C¢; R(ACT) = 5.8; Z{CDF) = 1380; R(COF) = 3.9 Z(ACT) = 8416; R{ACT} = 14.1; Z{COF) = 7375; R(CDF} = 9.6
{
1 0.22 1035 208 481 2229 648 1037 1 0.22 135 123 285 312 285 , 660
2 0.65 1492 300 €94 955 192 444 2 0.65 185 178 412 167 152 i 352
3 1.08 1028 207 479 409 82 190 3 1.08 163 149 345 a9 8L i 157
4 1.5k 295 59 137 175 35 31 4 1,51 104 95 220 .| 48 43 100
5 1.94 50 10 23 75 15 35 5 1.94 23 48 111 25 23 53
6 2.38 - - - - - - 6 2.38 16 15 35 14 12 | 28
7 2,81 - - - - - - 7 2.81 [ 4 9 7 ? i 16
8 3.24 - - - - - - 8 3.24 - - - - - -
9 3.67 - - - - - - 9 3.67 - - - - - -
10 4,05 - “ - - - - 10 4,05 - - - - - -
5 fwgust 74 . Pasz duration: 230 sec : | s Mugust 74 Pass duration: 140 sec .
Begin time: 144140 8MT Sawple volume: 4.9 Begin time: 154345 GMT Sample volume: 4.2 H
Z{ACT) = 7673; R{ACT) = 15.8; Z{CDF) = 9063; R(CDF) = 11.8 ’ Z(ACTY = 2201; R{ACT) = 5.0; Z(CDF) = 1971; R(COF} = 4.1 ;
1 0.22 (lo4e 152 352 2778 404 935 1 0.22 1060 254 588 1560 ‘373 i 583
.2 0.65 1671 243 562 1442 210 486 2 0.65 971 232 537 657 157 i 363
3 1.08 1612 235 544 748 109 252 3 1.08 448 107 248 277 66 153
4 .51 970 141 326 388 57 132 4 1.51 137 33 76 116 28 ! 65
5 1.94 397 58 ‘134 202 29 67 5 1.94 59 14 32 49 1z 28
6 2.38 70 10 23 105 15 35 6 2,38 20 5 12 21 s 12
7 2.81 9 1 2 54 8 19 7 2.81 - - - - - -
8 3.24 - - - - - - 8 3.24 - - - - - -
9 3.67 - - - - - - 9 3.67 - - - - - -
10 4.05 - - - - - - 10 4,05 - - - - -




09

Inble A-l.frop Distribution Pata obtained Near Cloud Base from DC-6 Foil Impactor (continusd) — e s
Midpoint | Actual Actual CDF CDF Midpoint Actual Actual ChF
Drop slze | diametor | Actual B0, no. CDF no. no, Drop size | diameter | Actual no. no. CDF no. :
categary |} (mm) no. | (m3D71) | (m¥m~1) | no. | (m3aB~1) | (mdmm~1) category {mm) no. | (m3AD~1) " lw3awm1) | me. i{mFaD"l) iy
| 5 Auqust 74 Pass duration: 150 sec 10 August 74 Pass duration: 30 sec |
| Beqgin time: 155013 GMT Saniple voiume: 4.5 Begin time: 114832 GHT Sample volume: 0.9 :
‘ Z(ACT} = 3447; R(ACT) = 6.5; Z(CDF) = 3771; R(CDF) = 5.5 Z{ACT} = 1176; R(ACT) = 3.0; Z{CDF) = 1130; R{CDF) = 2.1 g
1 0.22 831 | 185 428 1266 283 655 1 0.22 8 31 72 102 114 t 264
2 0.65 716 180 370 592 132 306 2 0.65 64 71 164 50 56 ! 130
3 1.08 515 115 266 277 62 Lag 3 1.08 76 83 197 24 27 I €2
4 1.51 211 47 109 130 29 67 [ 1.51 25 28 65 12 i3 ! 30
5 1.94 73 16 37 61 14 32 5 1.94 3 6 14 6 6 I 14
6 2.38 26 6 14 28 6 14 6 2,38 2 2 5 3 3 1 7
7 2.81 7 2 5 13 3, 7 7 2,81 - - - - - -
8 3.2% - - - - - - 8 3.24 - - - - - i -
9 3.67 - - - - - - 9 3,67 - - - - - : -
10 4,05 - - - - - - 10 4.05 - - - -
5 August 74 Pass duration: 133 sec 10 August 74 Pass duration: 47 sec
Begin time: 162225 GMT Sampie volume: 4.0 Begin time: 115705 GMT Sampte volume: 1.4
Z(ACT) = 20603; R(ACT) = 29.7; Z{CDF) = 17058; R{CDF) 21.0 Z(ACT) = 1067; R(ACT) = 3.7; Z(CDF) = 1316; R(CDF) = 2.5
1 0.22 993 249 576 1621 | 407 942 1 0.22 79 57 132 254 182 ;421
2 - 0.65 965 242 560 915 229 530 2 0.65 188 135 312 115 83 192
3 1.08 784 197 456 517 129 299 3 1.08 151 108 250 52 37 . 86
4 1,51 498 125 289 456 114 264 4 1.51 a7 26 60 24 17 | 39
5 1.94 330 a3 192 error| error error 5 1.94 8 [ 14 11 8 ; 19
6 2.33 124 31 72 93 23 53 6 2.38 1 2 "5 : 3
7 2,81 28 7 16 52 13 30 7 2.81 - - - - - : -
8 3.24 . - - - - - - 8 3.24 - - - - - -
9 3.67 - - - - - - 9 3.67 - - - - - -
10 4,05 - - - - - - 10 4,05 - - - - - ! -
10 August 74 . Pass duration: 27 sec 10 August 74 Pass duration: 90 sec
Begin time: 102738 GMT Sample .volume: 0.8 Begin time: 122000 GMT Sample volume: -2.7 -
Z{ACT) = 26263 R{ACT) = 6.1; Z(CDF) = 2076; R(CDF) = 3,7 Z(ACT) = 41851; R{ACT) = 31.9; Z{CDF) = 29019; R(COF) = 19.3
!
1 0.22 65 81 187 139 175 405 1 0.22 224 83 192 463 172} 398
.2 0.65 33 104 261 71 8% 206 2 0.65 261 97 225 292 0% 252
3 1.08 6l 77 178 36 45 104 3 1.08 251 89 206 184 68 1 157
[ 1.51 55 &9 160 18 23 53 4 1.51 169 63 146 116 43 2 100
S 1.94 18 23 53 9 12 28 5 1.94 161 60 139 73 27 62
6 2.38 2 3 7 5 6 14 6 2.38 103 38 88 46 17 1 39
7 2.81 - - - - - - 7 2,81 60 22 51 29 i 25
8 3.24 - - - - - - 8 3.24 25 9 2L 18 7 7 ! 16
S 3.67 - - - - - - 9 3.67 10 & 9 12 4 ' 9
10 4.05 - - - - - - 10 4,05 - - - - - -




T9

Taple z-i, Droe mistributicn Dats Obcainsd Near Cloud Base from PC-6 Foil Impactor (continued} et twnne rn
1
Midpoint Actual Actual CDF CDE Midpoint Actual Actual CO¥
Drop size {diamcter | Actual no. o. CDF no. no., - Drop size | diameter | Actual no. no. CDF no. ;
carvegory (mm) ne. | @AD" {(m¥m)) | no. | (m3aD~1) [ (mimm~1) category (mm} no. [(m3ab~!) |(mimw-1) | ne. {(m3ap—l) .{ -
. 19 August 74 Pass duration: 123 sec 10 August 74 Pass duration: 293 sec |
| Begin time: 122458 GMT Sample volume: 3.7 Begin time: 141315 GMT Sample volume: 8.8 i
; Z{ACT} = 4542; R(ACT) = 7.5; 2(COF) = 4001; R{CDF) = Z(ACT) 9480; R{ACT) = 14.9; Z(CDF) = 121175 R(COFY = 11.7 ;
I — N '
1 0.22 255 69 160 560 152 352 i 0.22 936 107 248 2236 255 1 530
2 0.65 329 89 206 300 82 190 2 0.65 1153 132 366 |1229 140 ¢ 324
3 1.08 306 83 192 161 44 102 3 1.08 1369 156 361 675 - 77 ! o17s
4 1.51 178 48 111 B6 23 53 f 1.51 .B62 98 227 37l 42 ! 97
5 1.94 ag 27 62 .1 46 12 28 5 1.94 460 53 123 204 23 | 53
6 2.38 35 9 21 25 7 16 6 2.38 158 18 42 112 13 | 30
7 2.81 5 1 2 13. 4 9 7 2.81 21 2 5 62 7 i 16
8 3.24 - - - - - - 8 3.24 6 1 2 34 & i 9
9 3.67 - - - - - - 9 3.67 - - - - - -
10 4.05 - - - - - - 10 4.05 - - - - - -
10 August 74 Pass duration: 217 sec 10 August 74 Pass duration: 210 sec
Begin time: 723540 GMT Sampte volume: 6.5 Begin time: 142450 GMT Sample volume: 6.3
Z{ACT) = 45362, R{ACT) = 34.7; Z(CDF) = 42483; R{CDF) = 25.3 Z{ACT) = 116123 R(ACT) = 18.4; Z(CDF) = 8945; R(CDF) = 10.9
- i
1 0.22 811 135 289 1444 223 516 1 0.22 709 113 262 1630 259 . &00
2 0.565 762 113 273 B92 138 319 2 0.65 756 120 278 920 147 v 340
3 1.08 742 115 266 552 85 197 3 1.08 964 154 356 520 83 o192
[ 1.51 487 75 174 341 53 123 [ 1.51 687 109 252 294 47 |19
5 1.94 453 70 162 211 33 76 5 1.94 441 70 162 166 26 ! 60
6 2.38 319 49 113 130 20 46 6 2.38 169 27 62 94 15 ] 35
7 2.81 141 22 51 81 12 28 7 Z,.81 18 3 7 53 8 : 19
8 3.24 40 6 14 50 8 19 ] 3.24 - - - - - 1 -
9 3.67 13 2 5 i1 5 12 9 3.67 - - - - - -
10 4.05 13 2 3 17 . 3 ? 10 4.05 - - - - - -
10 August 74 Pass duration: 57 sec 10 August 74 Pass duration: 163 sec
Begin time: 140900 gMT Sample volume: 1.7 Begin time: 143245 GUT Sample volume: 4.9
Z(ACT) = 19627; R{ACT} = 19.3; Z{ CDr) 20425; R(CDF) 14.7 Z{ACT) = 8600; R{ACT)} = 12.2; Z(CDF) = 5892; R{LDF) =
1 0.22 146 B6 199 336 198 458 1 0.22 461 94 218 887 182 | 421
.2 0.65 175 103 238 197 116 269 2 0.65 508 104 240 495 01 234
3 1.08 194 115 266 115 63 157 3 1.08 429 88 204 276 57 . 132
4 1.51 150 89 206 68 40 93 4 1.51 290 59 137 154 32 74
5 1.594 a9 53 123 40 23 53 5 1.94 209 43 100 86 1§ 42
6 2.38 35 21 49 23 14 32 6 2.38 90 18 42 48 0 23
7 2.81 14 8 1% 14 8 19 7 2,81 21 4 9 27 6 14
8 3.24 5 3 7 8 5 12 8 3.24 - - - - - i -
g 3.67 3 2 5 5 3 7 9 3.67 - - - - - -
10 4.05 - - - - - - 10 4.05 - - - - - -



29

Fatle A-1.Droo Distributlon Date Obtained Near Cloud Base from DC-6 Foil I@gtqgiggp&égq@d) e sermRm s r 2 femes am
Midpoint Aetual Actual CDF CDF Midpoint Actual Actual coy i L
Drop size diamt.r:er Actual no. no. CDF ne. no, Crop size | diameter | Actual no. no. CDF no. I no.
catesory | () no. | (m2ab7Y) | (m¥rm~l) | no. | (n3ap-!) | (mimn~l) category {mm) no, _i(m3ab-1) ((edme-l) | ome. i(mdibTl) ifndsely
| 10 Auqast 74 Pass duration: 127 sec 11 August 74 fass duration: 187 seg :
: R n time: 1348726MT Sample volume: 3.8 Begin time: 125111 GMT Sample volume: |
Ii (ACT) = 17343; R{ACT} = 15. 3 Z{COF) = 17013 R(CDF) = 13.9 Z{ACT) 11080; R{ACT) = 16.1; Z(CDF) = 12648; R{CDF) :
| . _ o !
1 0.22 1087 287 664 1261 333 771 1 0.22 532 95 220 1267 227 : 525
2 0.65 676 178 414 663 175 405 2 0.65 541 97 225 714 128 i 296
3 1.08 356 1G5 243 348 92 213 3 1.08 Bl5 146 338 404 72 i 167
& 1.51 237 63 146 183 48 1i1 [ 1.51 582 1n& 241 228 41 i 95
5 1.94 149 39 - 90 96 25 58 3 .94 311 56 130 129 23 i 53
& 2,38 66 17 a9 51 13 30 ] 2.38 100 18 42 73 13 { 30
7 2.81 28 7 16 27 7 16 7 2.81 24 4 9 41 7 i 16
B 3.24 14 4 9 14 ] 9 8 3.24 6 1 2 23 [ i 9
9 3.67 5 1 2 7 2 5 9 3.67 - - - - - i -
10 4.05 - - - - - - 10 4.05 - - - - - : -
| 10 Aunust 74 . Pass duration: 33 sec 11 August 74 Pass duration: 30 sec
i Begin time: 160020 GMT Sample volume: 1.0 Begin time: 140020 GMT Sample volume: 0.9
| Z(ACT) = 175715 R{ACT) = 27.12; Z(CDF) = 12738; R(CDF) = 15.3 Z{ACT) = 2237 R{ACT) = 5.6; Z(CDF) = 210%; R(CDF) =
1 0.22 111 111 257 332 | 334 773 1 0.22 75 84 194 184 205 . 475
2 0.65 157 i58 366 191 192 4h4 2 0.65 88 98 227 90 101 1 23
3 1.08 191 192 4bh 110 | 111 257 3 1.08 134 149 345 45 50 | 116
4 3.51 180 181 419 64 64 148 [ 1.51 50 56 130 22 25 H 58
5 1.94 110 110 255 37 37 86 5 1.94 12 13 10 11 12 | 28
& 2.38 ° 26 26 60 21 21 49 ¢} 2.38 3 3 7 5 [ | 14
7 2.81 9 9 21 12 A2 28 7 2,81 - - - - - 1 -
8 3.24 - - - - - - 8 3.24 - - - - b
9 3.67 - - - - - - 9 3.67 - - . - - ! -
10 4,05 - - - - - - 10 4.05 - - - - - -
11 fugust 74 Pass duration: 170 sec 1T August 74 Pass duration: 50 sec
Begin time: 124038 GMT Sample volume: Begin time: 151740 gyt sample volume: - 1.5
Z(ACT) = 10987 R(ACT) = 11.4; Z(CDF)' 119725 R(CDF} Z(ACT) = 4491; R(ACT) = 8.4; Z(CDF} = 4891; R{CDF) =
_ e i
1 0.22 1236 243 562 |1269 250 579 1 0.22 22] 148 343 396 25 | 613
2 0.65 536 166 245 | 661 130 301 2 0.65 208 139 322 | 197 132§ 306
3 1.08 367 72 167 344 68 157 3 1.08 214 143 331 99 66 i 153
4 1.51 249 49 113 | i7g 35 81 4 1.51 99 66 153 49 33 ! 76
5 1.94 144 28 65 93 18 42 5 1.94 30 20 46 25 6 37
6 2.38 79 15 35 48 9 21 3 2.38 17 11 23 12 8 N 19
7 2.81 23 4 9 25 5 12 7 2.81 1 .7 2 6 4 3
8 3.24 10 2 5 | 13 3 7 8 3.24 - - - - - Z
9 3,67 3 .6 1 7 1 2 9 3.67 - - - - - -
10 4.03 - - - - - - 10 4.05 - - - - - -




€9

o oamiDrop Pigbributics
T EA

Fnil L ear Cloud Hase from DC-6 Foil Impactor  (continued} . .o .. ieecicsscie s e s s s
| i .
| ¥idpelnt ! Actual Actual cor CDF Midpoint 1 Actual Actual o [ T
Drep size tdiameter | Actual ne. na. ChF no. ne. Drop size | diameter | Actual no. Tio, CDF no. : .
categary i ‘rm) no. 1 (307Y) | (i) | ne. | (m3gp=1) | (mdwmd) || eacegory Lo Gmmy | me.  |(mlaD~l) Wm¥mmm1) | aa, (3D (2% c)
;1 Auct ust 74 Fass duration: 113 se¢ 13 August 74 Pass duration: 7.: set :
| Begin time: 152015 g7 ample volume: 3.4 Begin time: 080610 GMT Sample volume: .
; Z(ACT) = 19976; R(ACT) = 21.7; Z(CDF) 30220 R{COF) = 19.8 Z(ACT) 20676; R(ACT) = 26.0; Z(CDF) = 19020; R(CDF) 17.1 i
i i
: i ) :
1 0.22 574 | 17¢ 394 {1133 335 775 1 0.22 204 93 215 596 72 630,
2 0.65 750 212 514 627 185 428 2 0.65 289 132 306 150 180 4 375
3 1.08 592 175 05 347 102 236 3 1.08 371 169 391 206 94 | 218
4 1.51 280 83 192 192 57 132 & 1,51 293 134 310 121 25 12
5 1.94 184 54 125 .| 108 31 72 5 1,94 181 83 192 71 32 74
8 2.38 115 ‘ 34 79 59 17 39 5 2.38 77 35 81 42 15 4
7 2,81 ] 9 21 2z 1 23 7 2.81 24 11 v 25 24 S 2
8 1.24 10 | 3 7 18 s 12 8 3.24 5 2 E 14 7016
5 3.67 . 3 7| 10 3 7 5 .67 - - Z - -
13 4.65 1 I 3 7 5 1 2 10 4.05 - - - - - -
. ; i
{ 13 August 74 Pass duration: 80 sec l 13 August 74 Pass duration: 293 sec
| Beqin time: 084013 GMT Sample volume: 2.4 Begin time: 082850 GMT Samp]e volume:
| Z{ACT) = 5073; R(ACT) = 11.3; Z(CDF) = 9236; R{CDF) = 9.0 Z(ACT) = 5875; R(ACT) = 7.8; Z(CDF) = 6114: R(CODF) = 5.8
i
: T ;
1 0.22 i35 56 130 453 190 440 1 0.22 602 69 160 | 1088 124 | 287
2 0.65 195 82 150 250 105 243 2 0.65 520 59 137 602 6 | 160
3 1.C3 331 139 322 138 58 134 3 1.08 613 70 162 333 B 88
L ..51 233 98 227 76 32 74 4 1.51 358 41 95 184 2L 4%
5 1.54 91 38 88 42 18 42 5 1.94 226 26 60 102 1z 25
6 2.18 23 10 23 23 10 23 6 2.38 83 10 23 56 6 ! 14
7 2.81 2 .8 2 13 5 12 7 2.81 24 3 7 31 & g
) 3.24 1 4 1 7 3 7 8 3.24 4 .5 1 17 2 5
] 3.67 - - - - - - 4 3.67 - - - - -
i0 | 4.G3 - - - -l . - - n 4,05 - - - " = =
i 13 August 74 Pass duration: 60 sec {13 hagust 74 Pass duration: 177 sec '
* Begin time: 084551 gy Somple volume: 1.8 Begin time; 085910 guy g e volume: 5.3 ° !
i Z{4CT) = 77936; R(ACT) = 50.8; Z(CDF} = 62153; R(CDF) = 35.6 Z(ACT) 8215; R{ACT} = 7.4; Z(Cﬁ ) = £036; R{COF) =
1 0.22 282 157 363 519 289 66 1 0.22 373 7L - 164 775 147 1 340
2 0.65 262 146 338 324 181 419 2 £.65 Ghk 84 194 415 75 1 183
3 1.08 284 158 346 202 113 262 3 1.08 437 83 192 223 a2 | 97
4 1,51 233 131 303 126 70 162 4 1.51 228 43 100 119 23 | 53
5 1.94 141 79 183 |- 79 &4 102 5 1.94 136 26 60 64 12 | 28
6 2.38 87 45 113 49 27 62 6 2.38 39 7 16 34 6 | 14
7 2,81 G4 25 58 | a1 17 39 7 2.61 8 2 5 18 3 7
8 3.24 27 15 35 19 1 25 8 3.24 5 1 2 10 2 5
l 3,67 1z - 7 15 12 7 14 9 3.67 - - - - - -
10 4.05 7 4 9 7 4 g 10 .05 - - - - - -
. 1 ]

e —— e



%9

Tagie Anl.Drop Nistrilation Data Obtained Near Cloud Base from LC-§ Foil Tmpactcr (continued)

! AR AR SRR PR pactor  (contliue . e e e -
| Midpoint I I Actual Actual CDF CDF Midpoint Actual Actual cor oy
Drop size |dinneter | Actual no. no. CDF no, no. Drop size | dlameter | Actual - ne. no. CDF ne. !
category | amed l na. | {m3ar~1) | (m3Inm~2) | no. | (w3aD"1) | (n¥mm~l) category (mm) no. [(m3aD~1) Wmdma1) | no. [(m¥gD~1) i(ndnl)
i 13 Aucust 74 Pass duration: 180 sec 13 Auqust 74 Pass duration: 233 sec :
| Begin time: 092804 GMT Sampie volume: 5.4 Begin time: 175845 GMT Sample volume: 7.0 :
{ Z(ACT) = 5853; R{ACT) = 9.9; Z(COF) = 5138; R(CDF) = 6.4 Z(ACT) = 2186; R(ACT) = 4.2; Z(CDF) = 2479; R{CDF) = 3.4 E
1 D.22 318 59 137 B93 166 384 1 0.22 741 106 255 1070 153 l 354
- 2 0.65 400 74 171 494 92 213 4 Q.65 476 68 157 £20 75 174
3 1.08 637 113 273 273 51 118 3 1.08 513 74 L71 253 34 ! 83
4 1.51 378 70 152 151 28 63 4 1.51 229 33 76 123 18 [ 42
5 1.94 201 37 .86 83 15 35 5 1.94 58 14 32 60 9 i 21
6 2.38 51 g 21 46 9 21 6 2.38 19 3 7 29 b g
7 2.8 12 2 5 26 5 12 7 z2.81 6 .9 - 2 14 2 l 5
8 3.2 - - - - - - 8 3.24 - - - - - -
9 3.67 - - - 9 3,67 - - - - - -
10 4.05 - - 10 4,05 - - - - - -
13 August 74 Pass duration: 103 sec 13 August 74 Pass duration: 170 sec
Begin time: 100250 GMT Sample volume: 3.3 Begin time: 120808 GMT Sample volume: 5,3
Z(ACT) = 7092; R(ACT} = 9.7; Z(<DF) = 64505 R(CDF) = 5.9 1 Z{ACT) = 1074%; R{ACT) = 14.0; Z(CDF} = 10880; R{CDF} = 10.3
= —
1 0.22 154 t 50 1146 321 104 241 1 0.22 610 120 278 1007 2146 : 500
2 0.85 155 | 51 118 184 60 139 2 0.65 588 116 269 609 120 ;278
3 1.08 185 60 139 106 34 79 3 1.08 570 112 259 338 67 | 155
4 1.51 132 43 100 61 20 45 4 1.51 311 55 150 188 17 I 26
5 1.94 74 24 56 35 11 25 5 1.94 238 47 109 104 21 i 49
& 2.33 38 1z 28 20 7 16 6 2.38 96 19 &4 58 11 [ 25
7 2.81 | s 12 12 4 3 7 2.81 28 5 12 32 6 | 14
8 3.24 2 l i 2 7 2 5 8 3.24 5 1 2 18 PO g
g 3.67 - - - - - - 9 3,67 - - - - - -
10 D465 | - i - l - - - - 10 4.05 - - - - - -
{ 13 Auaust 74 Pass duration: 50 sec 13 August 74 Pass duration: 57 sec
| Begin time: 110420 GMT Sample volume: 1.5 Begin time: 121485 GMT Sample volume: 11.7°
% Z(ACT) = €735; R(ACT) = 11.2; Z(CDF) = 9339; R(COF) = 10.8 Z{ACT) = 23579; R(ACT) = 21.4; Z(CDF) = 28983; R(CDF) = 17.0
1 ¢.22 59% 359 924 775 51% 1201 1 ¢.22 1107 95 220 2108 181 1 4
2 C.65 387 739 600 359 240 556 2 0.65 1069 92 213 1264 108 250
3 1.08 279 157 433 166 111 257 3 1.08 1160 100 231 758 65 l 1350
4 1.51 114 75 i76 77 52 120 4 1.51 741 &4 148 455 3% 90
5 1.94 47 31 72 36 24 56 5 1.94 649 56 130 273 23 i 53
6 2.38 17 11 25 171 - 11 25 6 2.38 349 30 69 1lo4 14 | 32
7 2,81 3 2 3 8 5 12 7 2.81 134 11 25 938 8 1@
8 3.24 1 .7 2 4 2 5 8 3.24 38 3 7 59 5 H
9 3.67 - - - - - - 9 3.67 14 1 2 35 3 ?
1o 4.05 - - - - - - 10 4.05 5 4 1 ig 2 5
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e St Drop bistribution Data Obtained Near Cloud Dase from be-6 Foll {‘muacto;'ﬁ_'(_c;qnti_g‘ued,‘ s e mimm £ et -
Midpoint Actual Actual, CDF CDF } Midpoint Actual Actual CDF {CE
Drop slze | diameter } Actual no. no. CDF no. no. Drop size | diameter | Actual no. no. CDF no. Vo,
catepory | {mm) no. §{m3aD 1} | (m3m=!) | no. | (m3aD"1) | (mimm™l) category (nm) no.  ((m3ap=1) [(m3mm=i} | no. (m31\,n‘-L)‘ simde
i 13 August 74 Pass duration: 353 sec 14 August 74 "Pass duration: 103 sec :
| Begin time: 131700 GMT Sample volume: 10.6 Begin time: 145350 GMT Sample volume: 3.1 i
‘ Z(A{:T) 16086; R(ACT) = 18.2; Z(CDF) = 25738; R(CDF) = 16.0 Z{ACT) = 362; R(ACT) = 2.1; Z(CDF) = 293; R(CDF) = :
1 B :
1 0.22 1241 118 273 2273 215 498 1 0.22 1409 457 1058 17148 557 1289
2 0.65 1683 103 238 1308 124 287 2 Q.65 755 245 567 531 172 | 398
3 1.08 1201 114 264 753 71 164 3 1.08 269 . B7 201 164 53 123
&4 1.51 877 33 192 434 41 95 4 . 1.51 53 17 39 51 16 ¢ a7
5 1.94 584 55 127 250 L 24 56 5 1.94 - - - - - i -
6 2.38 252 24 56 144 14 32 6 2.38 - - - - - -
7 2.81 93 9 21 83 8 19 7 2.81 - - - - - -
8 3.2 14 1 2 48 4 9 8 3.24 - - - - - -
9 3.67 4 b 1 27 3 7 9 3.67 - - - - - -
10 4.05 2 .2 .5 14 1 2 10 4.05 - - - - - -
14 Auqust 74 Pass duration: 37 sec 17 August 74 Pass dur‘atwn 100 sec
Eegin time: 733500 GMT Sample volume: 1.1 Be im time: 135630 GMT Sample volume: 3.0 :
Z(ACT) = 5563; R(ACT} = 12.4; Z{COF) = 6720; R(CDF) = 9.8 ‘ CT} = 12296; R{ACT) = 16.1; Z(CDF} = 16563 R{CDF) = 14.0 .
1 0,22 206 133 435 3192 358 829 1 0.22 509 170 394 518 274 634
2 0.65 209 191 4432 196 179 414 2 0.65 526 176 507 441 18 | 343
3 1.08 213 195 451 98 90 208 3 1.08 325 109 252 238 80 185
4 1.51 102 93 215 49 45 104 4 1.51 188 63 146 129 43 100
5 1.94 49 45 104 25 23 53 5 1.94 141 47 109 69 23 53
] 2.38 5 5 12 12 11 25 6 2,38 67 22 51 k11 i3 30
7 2.81 2 2 5 3 6 14 7 2.81 17 [ 14 20 7 16
8 3.24 - - - - - - 8 3.24 3 1 2 11 4 -9
9 3.67 - - - - - - 9 3.67 1 .3 .7 6 2 5
10 4.05 - - i - - 10 4.05 - - - - - -
E 14 August 74 Pass duration: zg sec 17 August 74 Pass duration: 200 sec
Begin time: 144253 GMT Sample .volume: 8 Begin time: 140400 gMT Sampte volume: -6.0 i
Z(ACT) = 6503 R{ACT) = 2.4; Z(CDF) = 601; R(COF) = 2.0 Z(ACT) = 13837; R(ACT) = 20.4; Z(CDF) = 21664; R(CDF) = 17.3 :
i
- - iy — —— PP )
1 0.22 223 280 648 287 360 Bi3 1 0.22 660 110 255 1568 262 l 606
2 0.65 Li4g 186 - 431 103 129 259 2 0.65 778 130 301 888 149 345
3 1.08 55 69 160 37 46 106 3 1.08 908 152 352 503 84 194
4 1.51 17 21, 49 13 17 39 4 1.51 702 118 273 285 48 1il
5 1.94 &4 5 12 3 6 14 5 1.94 387 65 150 161 2 : 2
6 2.38 - - - - - - 6 2.38 140 23 53 91 131 53
7 2.81 - - - - - - 7 2.81 35 ¥ 14 52 9 | 21
8 3.24 - - - - - - 8 3.24 & .7 2 29 5 ; 12
EJ 3.67 - - - - - - g 3.67 2 .3 .7 17 3 ’ 7
10 4.05 - - - - _ - 10 4,05 - - - - - -
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Base from DC-6 Foil Impactor (continued) N

Iadle A-l.Bros mistribition batu Obtained Near Cloud Hase from DX P rmamem etk
Midpoint | Actual Actual CDF CDF: Midpoint Actual Actual CDF tChE
Drop size |dlameter [ Actual no. ne. CDF no. no. Drop size | diameter | Actual no. no. CDF no. . mo.
category | () no. | (@3aD71) V(m¥mm~l) [ ne. | (m3aD~1) | (m¥mm~l) (| category (nm) no. |(m3ap~1) (mdma-l) | no. j(n3aD-1) C(wdn -
1 17 August 74 Pass dura..ion- 253 sec 30 August 74 Pass duration: 'I‘I7 sec !
gm time: E 7.6 Begin time: 182 GMT 5: e volume: '
l Z(ACT) = 2019 R(ACT) = 5 9; Z{CD )= 3323 R(CDF) 6.2 Z{ACT) = 909 R{ACT) = 3.5; Z(CDF 938; R(CDF) ;
|
1 0.22 4074 538 1245 | 5348 707 1637 1 0.22 1252 359 831 11751 503 ¢ 1164
2 0.63 2964 ~392 507 | 2011 266 616 2 0.65 943 270 625 648 186 ¢ 451
3 1.08 1036 137 317 756 99 229 3 " 1.08 454 130 301 240 69 | 160
4 1.51 379 50 116 284 38 8g 4 1.51 113 32 74 89 26 ) 60
5 1.94 104 14 32 .| w07 14 32 5 1.94 19 5 12 33 9 ; 21
6 2.38 10 1 2 40 5 12 6 2.38 - - - - - -
7 2.81 3 4 1 15 2 5 7 2.81 - - - - - -
8 3.24 - - - - - - 8 3.24 - - - - - -
9 3.67 - - - - - - 9 3.67 - - - - - -
10 4.05 - - - - - - 10 4.05 - - - - - ~
30 August 74 Pass duration: 113 sec 30 August 74 Pass duration: 90 sec
Begin time: 151750 GMT Sample volume: 3.4 Begin time: 182605 GMT Sample volume: 2.7
Z{ACT) = 2736; R(ACT) = 5.8; Z(COF) = 3496; R{CDF) = ‘ Z(ACT) = 221; R{ACT) = 1.1; Z{COF) = 350; R{CDF) = 1.3
1 0.22 416 123 285 704 208 481 1 0.22 1375 512 1185  |1éss 628 | 1454
2 0.65 366 108 250 345 102 236 2 0.65 774 288 667 433 16 0 373
3 1.08 334 59 229 169 50 116 3 1.08 100 37 86 111 4 . 95
4 1.51 187 35 127 83 24 36 4 1,51 18 7 16 28 1. . 25
5 1.94 65 19 (77 41 12 28 5 1.94 3 1 2 7 3 7
& 2.3% 11 3 7 20 6 14 6 2.38 - - - - - -
7 2.81 2 .6 1 10 3 7 7 2.81 - - - - - ! -
8 1.24 - - - - T - 8 3.24 - -~ - - - -
9 3.67 - - - - 9 3.67 - - - - - -
10 4.05 - - - - 10 4.05 - - - - -
30 August 74 Pass duration: 57 sec 30 Pugust 74 Pass duratwn 213 sec
Begin time: 182000 GMT Sample volume: 1.7 Begin time: 183433 GMT Sample volume: 6.4 ;
Z{ACT) = 2187; R{ACT) = 6.5; Z(CDF} = 2761; R{CDF) = I Z{ACT) = 4216; R{ACT) = 10.8; Z{CDF) = 4254; R(CDF} = .
!
1 0.22 476 281 650 827 488 1130 1 0.22 2055 323 748 I 254
L2 0.65 515 304 704 349 209 484 b 0.65 1836 288 667 iggg ggi i lsai
3 1.08 316 187 433 151 89 206 3 1.08 1656 260 602 741 116 | 269
[ 1.51 111 66 . 153 65 38 BS 4 1.51 675 106 245 343 54 | 125
5 1.94 24 14 - 32 28 16 37 5 1.94 197 3 72 158 25 58
6 2.38 3 2 5 2| - 7 16 6 2.38 30 5 12 73 11 | 25
7 2.81 - - - - - - 7 2.8l - - - - - ! -
8 3.24 - - - - - - 8 3.24 - - - - - -
g 3.67 - - - 9 3.67 - - - - -
10 4.05 - - - - 10 4.05 - - - - - -

W = i amrare s ma
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Iaple Azl Drop Distridution Data Obtail

ngd Near, Cloud Base from DC-6 Foil Impactor (continued)

Midpoint Actual Actual ChF CIn¥ Midpoint Actual Actual ChF¥ I
Drop size |diameter | Actual no. no. CDF no. no. Drop size | diameter | Actual - no. no. CDF ae. I ae.
caregory {mm) no. | (m3a0™Y) | (m3mm™ 1) | mo. | (m3aD~Y) | (mImm—1) categoTy (rm) no. |(m3=1) |(m3me-i)} | no. (‘“3".1?;]._.)A ignl _}_3,
i 6 September .74 Pass duration: 37 sec 6 September 74 Pass duration: 73 sec !
Begin time: 125836 GMT Sample volume: 1.1 Begin time: 131925 GMT Sample volume: 2,2 !
Z(ACT) = 10985; R(ACT) = 15.8; Z{CDF) = 7868; R(CDF) = 9.8 Z{ACTY = 2392; R(ACT) = 5.6; Z{CDF) = 3489; R{CDF} = 5.0 i
1 0.22 106 97 225 274 250 579 1 0,22 392 178 414 588 269 | 623
2 0.65 149 136 315 152 139 322 2 0.65 261, 119 275 274 125 289
3 1.08 177, 162 375 84 77 178 3 1.08 289 132 3086 | 127 " 38 134
4 1.51 106" 97 225 47 43 100 4 1.51 121 55 127 59 27 ! 62
5 1.94 48 44 102 26 .24 56 5 1.94 29 13 30 28 13 ; 30
6 2.38 22 20 46 14 13 30 6 2.38 7 3 7 13 & 14
7 2.81 8 7 16 ] 7 16 7 2.81 1 .5 1 3 3 | 7
8 3.24 - - - - - - 8 3,24 - - - - ; -
9 3.67 - - - - - - 9 3.67 - - - - - i -
10 4,05 - - - - - - 10 4,05 - - - - -
6 September 74 Pass duration: 23 sec 6 September 74 Pass duration: 157 sec
Begin time: 120085 GMT Sample volume: 0. Begin time: 132412 GMT Sample volume: 4.7
Z(ACT) = 9246; R{ACT) = 15.5; Z{CDF) = 7589; R(CDF) = 9.4 Z{ACT) = 13819; R{ACT) = 18.1; Z{CDF} = 13553; R(CDF) 12.6
L 0.22 56 80 185 162 232 537 1 0.22 631 135 312 {1072 220 | 530
2 0.65 86 123 285 90 130 301 p 0.65 491 105 243 612 131 | 303
3 1.08 106 152 352 51 73 169 3 1.08 546 117 271 359 75 7 174
4 L.51 62 a9 206 28 41 g5 & 1.51 354 76 176 1997 43 | 100
S 1.94 &0 57 132 16 23 53 5 1.94 319 68 157 114 24 56
[ 2.38 16 23 53 g 13 10 6 2.38 123 26 60 65 4 ! a2
7 2.8 1 1 2 5 7 16 7 2.81 27 6 14 37 8 1 1
8 3.24 - - - - - - 8 3.24 6 L 2 21 5 ! 12
g 3.67 - - - - - - 9 3.67 - - - - - -
i0 4.05 - - - - - - 10 4.05 - - - - “ -
6 September 74 Pass duration: 127 sec 6 September 74 Pass duration: 133 sec )
Begin time: 130231 GMT Sample volume: 3.8 Begin time: 132839 GMT Sample volume: 4.0 !
Z{ACT} = 2851; R(ACT) = 6.6; Z(CDF) = 2355; R(CDF) = 4.3 Z(ACT) = 12006; R{ACT) = 13.0; Z(CDF}=17348; R{CDF}=12.5 :
i —
1 0.22 428 113 262 834 221 512 1 0.22 905 227 525 1146 288 | se7
2 0.65 429 113 262 415 110 255 2 0.65 595 149 345 598 150 ! 347
3 1.08 460 122 282 206 55 127 3 1.08 417 104 241 312 78 18i
4 1.51 244 64 148 103 27 62 4 1.51 244 3} 141 163 41 i 95
5 1.94 85 22 51 51 13 30 5 1.94 142 36 83 85 21 ! 4%
6 2.38 14 4 9 25 7 15 3 2.38 71 18 42 &4 n | 25
7 2.81 - - - - - - 7 2.81 15 4 9 23 6 | 14
8 3.24 - - - - - - 8 3.24 4 1 2 12 3 | 7
9 3.67 - - - 9 3.67 3 .7 2 6 2 5
10 4.05 - - - 10 4.05 1 2 .5 3 7 2
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Tohie A-1.Drop Distribution Data Obtained dear Cloud Base from DC-6 Foil Jmpactor (continued) - — . .
]
Midpulne Actual Actual GDF ChF Mldpoint Actunl Actual cnr Poone
Drop size | dizmeter | Actual no. no. CDF uo. no. Drop size | dismeter § Actual { | no. no. CDF no. ! me.
category {mm) no. _(m3bD']) (m3rm~1) | no. | (m3aD-1) _ (m3mm~1) category {mm) no. |{(m3ab=1) l{m3mn=1) | ne. (m3i.\f_1“__)_'!__(1=|__i
6 Sentember 74 Pass duration: 147 sec 6 September 74 Pass duration: 147 sec
Sample volume: 4.4 Begin time: 142930 GMT Sample volume: 4.4

t
| Begin time: 135100 GMT
; Z(ACT} = 295325 R(ACT) = 27.6: Z{CDF)} = 28150; R(CDF) = 20.0

Z{ACT)} = 9041; R(ACT) = 14.6; Z(CDF) = 11693; R(CDF) = 11.1

1 0.22 611 139 322 1089( 249 576 1 0.22 383 87 201 963 220 ;509
2 0.65 551 126 292 647] 148 343 2 0.65 420 96 222 539 123 | 285
3 1.08 565 128 299 385 88 204 3 1.08 611 139 322 302 69 1 160
4 1.51 410 94 218 229 52 120 4 1.51 453 103 238 169 39 90
5 1.94 299 68 157 136 3l 72 5 1.94 243 55 127 95 22 1
6 2.38 143 33 k76 81 18 42 6 2.38 66 15 35 53 12 ! 28
7 2.81 77 18 52 48 11 25 7 2.81 12 3 7 30 7 1
8 1.24 21 5 12 29" 6 14 8 3,24 2 .5 1 17 4 9
9 3.67 8 2 5 17 & 9 9 3,67 - - - - - -
10 4,05 - - - - - - 10 4,05 - - - - = -
| & Septerber 74 Pass duration: 100 sec 14 September 74 Pass duration: 157 sec :
| Begin time: 135540 GMT Sample volume: 3.0 Begin time: 121000 GMT Sample votume: 4.7 .
i ZIACT) = 300015 R{ACT) = 28.4; Z(CDF) = 29056; R(CDF) = 20.6 Z(ACT) = 9244; R(ACT) = 15.5; Z(CDF) = 12627; R{CDF} = 12.2
1
1 0,22 436 146 338 768 257 395 1 0.22 478 102 236 1206 258 547
2 0.65 374 125 289 457 153 154 2 0.65 518 111 257 666 142 ! 329
3 1.08 88 130 301 271 91 211 3 1.08 824 176 407 368 79, 183
4 .51 306 102 236 161 54 125 4 1.51 513 110 255 203 413 .| 100
5 1.94 217 3 162 % 32 74 5 1.94 288 61 141 | 112 2% i 56
[ 2,38 107 36 83 57 19 44 & 2.38 56 12 28 62 i3 30
7 2.81 41 14 32 34 1 25 7 2.81 16 3 7 34 7 ! 16
8 3.24 19 6 14 20 7, 16 : 3.24 2 .4 1 19 6 9
¢ 3.67 5 2 5 12 4 9 9 3.67 - - - - - -
10 4.05 - - - - - - 10 4.05 - - - - - -
6 September 74 Pass duration: 50 sec 14 September 74 Pass duration: 137 sec
Begin time: 135850 GMT Sampie .volume: 1.5 Begin time: 125154 GMT Sample volume: - 4.1
Z(ACT) = 27894; R{ACT) = 29.5; Z(CDF) = 19703; R{COF) = 17.5 Z(ACT) = 16836; R{ACT) = 20.5; Z{CDF) = 21800; R(CDF) = 15.6
1 0.22 167 112 259 362 242 560 1 0.22 357 8 ! 4
2 0.65 | 204 137 317 | 218) 146 338 2 0.65 127 3 15 | 433 ne | e
3 1.08 168 112 259 131 88 204 3 1.08 449 110 255 281 6 ¢ 180
4 1.51 147 o8 227 79 53 123 4 1,51 380 93 215 166 41 | 95
5 1.94 127 85 ‘197 48 32 74 5 1.94 296 72 167 99 2% | 55
6 2.38 67 45 104 29 19 44 6 2,38 117 29 67 58 14 | 32
7 2.81 21 14 32 17 12 28 7 2.81 25 P 14 35 g | 13
8 3.24 9 6 14 10 7 16 8 3.24 8 2 5 21 s 11
9 3.67 - - - - - - 9 3.67 2 .5 1 12 3 7
10 4,05 - - - - - - 10 4.05 - - - - - _
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Taple A l.Lrop, Distribution Data Obtalned Nesr Cloud Base from DC-6 FOil IRPACEOr. [(CONEITHEA) .o i s s mmi e S omn 4t © 2 otea i
i I : ] i ;
| Midpoint Aetual Actual CDF CDF Midpoint Actual Actual i CbE [
Drop slze |diameter i Actual no. nc. CDF 6o. no. nrop size | dismeter ' Actugl no. no. CDF no. : ne.
category ' fmm) | pp, 3 (m¥aD7!Y 1 (uirn™l) | ne. | (m3aD7)) (m3mm=1) catagory (1om) no. |{(miap-1) (mln?"l) no. .(133;_11-_;!:); DmBe o1y
r P e e
| 14 Septerber 74 Pass duraticn: 30 sec 14 September 74 Pass duration: 47 sec 1
Begin time: 130130 GMT Sanple volume: 0.9 'l Begin time: 142100 GMT Sample volume: 1.4 i
b z(acT) = 19175 R{ACT) = 5.2; Z{CDF) = 2062; R{CDF) = 4.0 Z(ACT) = 32064; R(ACT) = 24.8; Z(CDF) = 32682; R(CDF) = 19.4 i
1 0.22 138 154 - 356 | 244 272 630 1 0.22 167 120 278 294 211 i 488
2 0.63 138 |, 154 356 112 125 289 2 0.65 177 127 294 175 126 | 292
3 1.08 110 123 85 4 3 57 132 3 1.08 151 108 250 105 75 1 174
4 1.51 53 59 137 24 26 60 4 1.51 84 60 139 63 &5 |7 104
5 1.94 10 11 25 ¢ 1 12 28 5 1.94 76 55 127 37 27 | 62
6 2.38 2 2 5 5 & 14 6 2.38 43 31 72 22 16 } 37
7 2.81 - = = - = - 7 2.81 22 15 37 13 10 | 23
8 24 -7 = - = = - 8 3.24 4 3 7 3 & | 14
9 3.67 - - - - - - 9 3.67 3 2 5 5 3 7
10 4.05 - - - - - - 10 4.05 2 1 2 3 2 1 5
[ 14 September 74 Pass duration: 213sec 14 September 74 Pass duration: 103 sec ,
Begin time: 1232515 GMT .  Sample volume: 6.4 Begin time: 145043 GMT Sample volume: 3.1
Z{ACT) = 23007; R(ACT) = 26.3; Z(CDF) = 27537; R{CDF) = 19.5 | Z{ACT) = 40938; R{ACT) = 33.9; Z{CDF) = 44112; R{CDF) = 24.9
i 0.22 562 88 204, 1482 232 537 1 0,22 278 20 208 651 211 453
2 0.65 660 109 241 887 139 122 2 0.65 326 106 245 405 131 { 303
3 1.08 845 133 308 530 a3 192 3 1.a8 346 112 259 252 82 190
4 .51 791 124 287 17 50 116 4 1.51 281 91 211 157 51 !} 118
5 1.94 519 82 190 190 30 69 5 1.94 266 86 195 98 32 l 74
6 2,38 216 34 79 1i4 18 42 13 2.38 L49 48 111 61 20 | 46
7 2.81 73 11 25 68 11 25 7 2.81 40 13 30 38 12 { 28
8 3.24 18 3 7 41 6 14 8 3.24 27 9 21 23 8 i i9
9 3.67 5 .8 2 24 [ 9 9 3.67 7 2 5 15 3 . 12
10 4,05 - - - - .- - 10 4.05 3 1 2 8 3 ! 7
14 September 74 Pass curation: 227 sec
Begin time: 135128 GMT Sample volume: 6.8 °
Z{ACT} = 31173; R(ACT) = 29.1; Z{CDF) = 39101; R{CDF)=23.0
1 0.22 732 108 250 | 1581 234 542
2 0.65 84l i24 287 954 141 ]
3 1.08 801 118 273 576 85 197
4 1.51 694 102 236 347 51 118
5 1.94 510 75 174 210 a1 72
b 2.38 256 38 88 1261 ° 19 44
7 2.81 i1l 16 37 76 11 25
8 3.24 27 4 9 46 7 16
g 3.67 10 1 2 28 4 9
10 4.05 4 .6 1 15 2 5




0L

Drop size category
1

2

10

MInimum drop diameter

o
0.43
0.86
1.30
1.73
2.16
2.59
3.02
3.46

3.90

Maximum drop diameter
0.43
0.86
1.30
1.73
2.16
2,59
3.02
3.46
3.90

4,27




Appendix B
Drop Size Distributions from the Researcher Distrometer

This appendix presents the.complete list of 137 drop size distributions
collected at the surface from the NOAA ship Researcher for 9 days analyzed for
GATE. The heading section for each drop size distribution contains the date,
the beginning time, and the sampling duration, which, for consistency, was
kept constant at 120 seconds. It also gives the computed Z and R values for
the actual data set and the modified data set. Column 1 gives the 20 drop
categories with the midpoint values for each category shown in column 2. The
actual number of drops sampled in each category is listed in column 3.
Columms 4 and 5, respectively, show the normalized distribution for a AD
spacing of .25 mm and the normalized distribution for a AD spacing of 1.0 mm
from the actual data. Columns 6 and 7 present the normalized distributions
from the modified data set. Column 6 gives the normalized distribution for
a AD spacing of .25 mm and column 7 gives the normalized distribution for a
AD spacing of 1.0 mm.
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Table B~1. Drop'Pistrikution Obtiained on Board NOZA Ship "Researchar”
ACTUAL HODLFEED ACTUAL | HODIFTED
Drop |Hidpoint|__ . . — hrop |Widpelnt] . .. i
slac |diameter number nusber| mumber | number size |dlameter nowber | mmber]| nuuber l mshan
categary| {(mm) |no. w3 CADY ™M ™ S~ Vw3 (a0 "1 m” dam” cntegory|  (mm) oo, w30~ Hn” l_](ﬂ“J“]'IIJ-JIIJII_]
29 June 74 29 June 74
Begin time: amplc duration‘ 120 sect. |[ {Begin time: HA Sauple duration: 120 sce
Z(ACT)= 290, R[ALT)-: 0.2; z{MOD}= 950 j R{MOD}= 4.8 l(ACT)- 2400 R(ACT}— 4 B Z(h(JlJ) 5380 H R{HOD)" 20 B
1 0.125 - - 640 2560 1 0.125 - - - 959 3996
2 0.375 | - - - 540 2160 2 0.375 - 960 3840
3 0.625 | - - - 370 1480 3 0,625 | - - - §00 3200
4 0.875 | - - - 250 1000 4 0.975 n 650 2600
5 1.125 | - - - 130 520 5 1,125 | - - - 420 1680
6 1.375 | 41 13.8 55.2 50 200 6 1.375 (116 35.0 | 156 250 1000
7 1.525 | 28 8.3 33.2 8.3 33.2 7 1.625 121 ?23 lgg.g ig , 322 R
B a 1.875 | 62 . . . .
g ig;g _5 f'.l’ f'(’ f't" f'E’ 5 7.125 | 14 3.5 14.0 3.5 14.0
10 2.375 R - R - _ 10 2.375 4 0.9 3.6 0.9 3.6
11 2.625 - - - _ - 11 2,625 2 0.4 1.6 0.4 1.6
12 2.875 | - - - - - 12 2.875 - - - - .-
13 3125 | - - - - - 13 3.125 |~ - - - -
14 3.375 - - - - - 14 3.375 - = = = -
15 3.625 |- - - - - 15 3.625 | — - - - -
16 3.875 |- - - - - 16 3.875 |7 - z - -
17 4.125 |- - - - - 17 4,025 | ” - - - -
18 4.375 - - - - - 13 4,375
19 5.625 - - - - = 19 4.625 = - -
20 4.875 | - - - -, - 20 4.875 |- - - - -
23 June 74 29 Junf- 74 i T T
Begm time: HA Sample duration: 120 sec Begin time: NA Sample duration: 120 scc
[Z{ACT)= 330 3 R(ACT)= 1.0 ; Z(MOD)= 940 ; R(MOD)= 4.7 Z(ACT)= 850 ; R{ACT)= 2. z(r on)- 1850 ; R(nom— 8.5 |
1 0.125 | -~ - - 640 2560 1 0.125 | - - - 950 1800
2 0.375 { - - - 540 2160 2 0.375 | - - 800 3200
3 0.625 | - - 370 1480 3 0.625 - 640 2560
4 0.875 - - 250 1000 4 0.875 - 450 1800
5 1.125 | - - - 130 520 5 1.125 | - - - 220 880
6 1.375 | 65 21.8 87.2 50 200 6 1:375 | 94 31.6 | 126.4 75 300
i 1.625 29 8.6 34,4 8.6 344 7 1.625 78 23.1 92.4 23,1 92.4
8 1.875 4 1.1 A 1.1 4.4 8 1.875 | 10 2.7 | .10.8 2.7 10.8
9 2,125 | - - - - - g 2,125 2 6.5 2,0 0.5 2.0
10 2.375 | - - - - - 10 2.3715 | - - - - -
i1 2.625 - - - - 11 2.625 1 0.2 0.8 0.2 0.8
12 2.875 - - - - - 12 2.875 - - - - -
13 3,125 - - - - - 13 3.125 - - - -
14 3.375 | - - - - - 14 3.375 | - - - -
15 3.625 = = - - 15 3.625 - - - - -
16 3.875 - - - - - 15 3.875 - - - - -
.12 4.125 - - - - - 17 4.125 | - - - - -
18 4,375 - - - - - 18 %.375 - - - - -
19 4.625 ¢ - - - - - 19 4.625 | - - - - -
20 4.875 | - - - - - 20 | 4.875 | - - - - -
29 June 7 29 June 74 .
Begin time: NA Samp]e duration: 120 sec Begin time; HA Sample duration: 120 sng
Z{ACT)= 590 R(ACT)- 1. 3 Z{nnn)« 12404 R{MoD}= 5.2 T(ALT) 400 n(Acr)- 1.2 2{tD)= 1440 R(non)- 7.7
1 0 125 - - 640, 2560 1 0,155 - - - 950 3300
2 0.375 | - - - 540 2150 2 0.375 | - - - 500 3200
3 0,625 | - - - 310 1480 k] 0.6H25 _ _ . P
& 0.875 | - - - 250 1000 4 0.875 | - - fa G
5 1.125 | - - - 130 520 5 1.125 | - - - 220 #30
6 " 1375 | 37| 8.2 76.8 50 200 6 1.375 | 79| 26.5 | 106.0 75" 300
7 1.625 | 43| 13.3 53.2 13.3 53.2 7 1.625 | 38| 11.3 45.2 11.3 45.2
8 1.875 | 8 2.1 B.4 2.1 B.4 8 1.375 3 0.8 3.2 0.8 1.2
9 2.125 3 0.8 3.0 0.8 3.2 9 2.125 _ - - _ e
1 2.375 2 0.5 2.0 0.5 2.0 10 2,335 | - - - - -
11 2.625 | - - - - - 11 2.625 | - -~ - - -
12 2.875 | - - - - - 12 2.87% | - - - - -
13 3.125 - - - - - 13 3125 - - - - -
14 3.375 - - - - 14 3.375 - - - - -
15 9.625 | - - - - - 15 3.625 | - - - - -
16 3.875 | - - - - - 16 3,875 | - - - - -
17 4.125 | - - - - 17 4,125 | - - - - -
18 4.313 1 ~ - - - 18 4,315 | - - - - -
19 4,625 { - - - - - 19 &.625 | - - - - -
20 4,875 { - - - - - 20 4.875 | - - - - -




Table B-1. Drop Distribution Obtained on Board NOAS Saip He:
ACTUAL MODIFIED
Drop |[Midpointj
slze diameter number number{ number number
category| (mm) |no.|w 3(aD)™Y| w dam= w3 (an) " m™ !
29 June 74
Begin time: NA Sample duration: 120 sec|’
Z(ACT)= 340 ; R(ACT)= 0.8 z{MOD)= 12803 R(MOD)= 7.3
1 0.125. | - - - 950 3800
2 0.375 - - - 800 3200
3 0.625 - - - 640 2560
4 0.875 - - - 450 1800
5 1.125 | - - - 220 880
6 1.375 771 25.9 103.6 75 300
7 1.625 13 3.6 15.2 3.8 15.2
B 1.875 1 0.3 1.2 0.3 1,2
9 2,125 - - - - -
10 2.375 - - - - -
11 2.625 - - - -
12 2.875 - - - -
13 3,125 - - - -
14 3.375 - - -
15 3.625 - - -
16 3.875 - - - -
17 4,125 - - - -
.18 4.375 - - - - -
19 4.625 - - - - -
20 4.875 - - - - -
29 June 74 '
Beg'ln time: NA ~  Sample duration: 120 gec
[Z(ACT)= 480 ; R(ACT)= 1.0, Z(MOD)= 1460 5 p{MoD)= 7.7
i 0.125 - - - 950 3800
2 0.375 - - - -800 3200
3 0.625 - - - 640 2560
4 0.875 - - - 450 1800
5 1.125 - - - 220 880
6 1.375 | 44 14.8 59,2 75 300 .
7 1.625 35 10.4 41.6 10.4 41.5 "
8 1.875 6 1.6 " 6.4 1.6 6.4
9 2.125 - - - - -
10 2.375 - - - - -
11 2.625 - - - _ .
12 2,875 - - - -~ -
13 3,125 —. - - - -
14 3.375 - - - - -
15 3.625 - - - - -
16 3.875% - - -
17 4,125 - - - -
18 4,375 - - - - -
19 4,625 - - - - -
20 4,875 - - - -
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Table B-1.

Drop Distribution CObtained on Doard NOAA Ship "Researcher"

{con tinued)

.

] ACTHAL I VANTETED | ACTUAL HOBE LR
Drop (Midpoelnt| oo e e e Drap [Midpolut| ... .. ..o b o
wize dlanecter nurher nuzboer| nmember nunber nize diameter ) m}mbr:r tumber | muaher nnahnr
category {ren) no. w3 ™Y nm Lo w3 ey wo a1 catepory | (e} na. | m* am~ m~ ! w3 eany " e T ?
30 Jdune 74 30 June 74
Begin time: H/A Somple duration: 120 sec Begin time: H/A Sample durationt 120 sac
Z(ACT)= 2110 ; R(ACT)= 4.1 ; Z(MOD)= B9z0 § R(HOD}=17.2 Z(ACT)=17260 5 R{ACT}= 16.4; Z(MiD)~ 53510 ; R(MOD)= 95,1
1 0.125 - - - 700 2800 1 0.125 | - - - 1500 6000
2 0.375 - - 600 2400 2 0.375 | - - - 1300 5200
3 0.625 - - - 500 2000 3 0.625 | - - - 999 1998
4 0,875 - - - 370 1480 4 0.875 - - - 950 3800
5 1.125 - - - 220 840 5 1.125 | = - - BOO 3200
6 1.375 | 105 35.3 | 141.2 160 640 6 1.375 | 43|  l4.4 57.6 | 600 2400
7 1.625 (122 36.2 [ 144.8 20 360 7 1.625 |112] 33.2 132.8 | 350 1400
8 1.875 | %3] 28 46.4 40 160 8 1.875 | 97| 261 104.4 [ 250 1000
9 2.125 | 25| 6.2 | 26.8 6.2 2.8 9 2.125 |R22p  30.4 | 12161 130 G 520
10 2.375 3 0.7 2.8 0.7 2.8 i0 2,375 | 651 15.2 60.8 50 200
11 2,625 - - - - il 2.625 66 4.7 58.8 14.7 58.8
12 2.875% - - - - - 12 2,875 | 30 6.4 25.6 6.4 25.6
11 1,135 _ » _ _ _ 11 3.125 2 G.4 1.6 0.4 1.6
14 1.375 - - _ _ i 14 3.375 1 0.2 0.8 6.2 0.8
15 3.625 | - - - - - 15 3.625 | ~ - - - -
16 3.875 - - - - - 16 3.875 B B - - -
17 4,125 - - - - 17 4.125 | ~ - -
18 4.375 - - - - - 18 4,375 - - - -
19 4,625 - - - - - 19 4.625 - - 5 -
20 4.875 - - - - 20 4.8715 | - - - - -
30 June 74 10 June 74 o oTmmmm T rmem e
Begin time: N/A Sample duration: 120 sec Begin time: H/A Sample duration: 120 socl|-
Z(ACT)= 6290 ; R(ACT)= 7.1 Z{MOD)=18100 ; R(MOD)= 40.1 Z{ACT)=29380 ; R(ACT)= 36.3; Z2{HOD)=51370 ; R{100)=04.0
1 0.125 - - 999 1996 1 0.125 | - - - 1500 6000
2 0.375 - 950 3800 2 0.375 | - - - 1300 5200
3 0.625 - - - 800 3200 3 0.625 - - - 999 3996
4 0.875 - - - 640 2560 4 0.875 | - - - 950 3800
5 1.125 - - - 450 1800 s 1.125 | - - - 800 3200
6 1,375 44 14.8 59.2 300 1200 6 1:375 [170] 57.1 228.4 | 600 2400
7 1.625 89 26.4 | 105.6 200 800 7 1,625 [402] 119.2 t76.8 | 350, 1400
B 1.875 1| 19.1 76.4 110 440 3 1.875 |[377] 10L.5 406.0 | 250 1000
§ 2,125 46 11.5 46.0 30 120 9 2,125 |[282] 95.3 381.2 1 130 520
10 2.375 29 6.8 27.2 6.8 27.2 10 2.375 130 30.5 122,0 50 200
u 2.625 | 11 2.4 .9.6 2.4 9.6 11 2.625 | 69| 15.4 61.6 15.4 61.6
12 2.875 11 2.3 9.2 2.3 2 12 2.875 | 16 1.4 13.6 3.4 13.6
13 3.125 -1. - - - - 13 3,125 - - - - -
14 3,375 1 0,2 0.8 0.2 0.8 14 3.3715 | - - - - -
15 3.625 - - - - - 15 3.625 - - -
16 3.875 - - - - - 16 3.875 | - - - - -
17 4,125 - - - - - 17 4.125 - - - - -
18 4.315 | - - - - - 18 4.375 | - - - - -
18 4.625 - - - - - 19 4.625 | - - - - -
20 4.875 | - - - - - 20 asrs |- - - - -
30 June 74 30 June 74 N
Begin tima: /A Sample duration: 120 sec Begin time: N/A sampie duration: 120 sec
Z{ACT)= 10160; R(ACT)= 12.5; Z(t0D)=18880 ; R{MOD}= 39.1 Z{ACT)= 9530 ; R{ACT}=15.6 ¢ Z(I0D}=16050 5 R(M0OD)= 39.5
1 0,125 - - 999 3996 1 n.125 | - - - ]
0 Boc=-1 I IR IR -+~ - A GO el N I - O -
3 0.625 | - - 800 3200 3 0.625 | - a _ £00 3200
4 0.875 |- - - 640 2560 4 0.875 | - - - 600 2400
5 1.125 | - - 7 - 450 1800 5 1.125 | = - - 500 2000
6 - 1,375 |199 66.9 267.5 300 1200 6 1.37% 179 60,1 240.4 350 1400
7 1.625 |240 1.2 284.8 200 8o0 7 1.625 |375) 11l1.2 444.8 200 800
8 1.875 |160] 43.1 172.4] 110 440 ) 1.875 214 57.6 230.4 100 400
9 2.125 | 69 17.2 68.8 30 120 9 2.125 [109| 27,2 108.8 27.2 108.8
10 2,375 | 16 3.8 15.2 3.8 15.2 10 2.3715 | 26 6.1 24,4 6.1 26.4
11 2.625 6 1.3 3.2 1.3 3.2 11 2.625 10 2.2 8.8 2.2 »8.8
12 2.8975 { - - ~ = - 12 2.875 | - - - - -
13 3.125 7 1.4 5.6 1.4 5.6 13 3.125 | - - - - -
14 3.375 2 0.4 1.6 0.4 1.6 14 3.015 | - - - - -
15 3.625 4 0.8 3.2 0.8 3.2 15 3.625 | - - - - -
16 3.875 | - - - - - 16 3.875 | - - - - -
17 4.125 | - - -~ - - 17 4,125 | - - - -
18 4.375 | - - - - 18 4,375 | - - - - -
19 4.625 - - 19 4,625 | - - - - -
20 4.875 | -~ - 20 4.875 | ~ - - - -
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Table B-1. Drop Pistribution {btained on Board NOAA Ship “Researcher" (continued) )
| ACTHAL | OB LFT ki | | SUTUAL Wnieh
Drop (MIdpolab| i | e e e brop  [Hldpolnt I, .
slze diauelber number number| numboer nuaber nine dlapueter ntnber m:n bier uumlu r HIIA hm
cateporyl  (an)  [ne. W IAD) T w1 ™ Jmn™ catepury | (mm) no. m‘J(nlJ)"ll w3 =3 any ! J-u Y™t
30 June 74 T T e 30 June 74
Yenin time: H/A . Saunle duration: 120 sec Begin time: N/A Sample duratlon' 120 sn0c
Z(ACT)= §540; R(ACT})= 2.8 ; Z(nD)= 4000 ; R{1OD}=13.4 Z(ACT)= 2000 5 R{ACT)=4.3 7(|mu) 3900 R(lm[)) 13.2
1 0.125 - - 850 300 1 1 0.1.).5 - - - 850 3400
2 n,375 - - - 700 2800 2 0,375 - - - 700 2800
3 0.625 - - 530 2120 3 0.625 - - - 530 2120
4 0.875 - - - 37n 1480 4 0.825 | - - - 370 1480
5 1.125 - - - 260 1040 5 1.125 - - - 260 1040
6 1.375 58 19.5 78.0 150 6no & 1.375 {194 65.9 263.6 150 600
? 1.625 78 23.1 92.4 70 280 7 1.625 |130 38.5 154.0 70 280
8 1.875 29 7.8 31.2 7.8 31.2 8 1.875 27 7.3 29.2 7.3 29.2
9 2.125 | 15 3.7 "14.8 3.7 14.8 9 2.125 8 2.0 8.0 2.0 .8.0
10 2.375 4 1.0 4.0 0.9 3.6 10 2.375 3 0.7 2.8 0.7 z.g
11 2.625 p . . 11 2.625 | 2 0.4 1.8 0.4 1.
12 2.875 a ? b f'ﬁ, .9‘4 i 6 12 2.875 1 0.2 0.8 0.2 0.8
13 3.125 | - - - - - 13 3.125 | - - - - -
14 3.375 - - - - z 14 3.375 | - - - - -
15 3.625 | - - - - 15 3.625 | - - - - -
16 3.875 - - - - 16 3.873 - - - - -
17 4,125 - - - - - 17 4,125 - - - - -
13 4,375 - - - - = i8 4,375 - - - - -
19 4.625 had - - - - 19 4,625 - - - - -
20 4.875 - - - - - 20 4,875 - - -
!30 June 74 30 fuﬁe 74 T T
Begin time: N/A Sample duration: 120 sec Begin time: N/A Sample duration. sec
;Z(;‘\CT)= 44903 R{ACT)= 8.7 ; Z{MOD)= 8750; R{KMOD)=25.2 Z{ACT)= 1040 ; R(ACT)- 2.4% Z{HOD)“ 670 R(HUD) ]55
1 0.125 999 3996 1 0.125 - - - 1560 6000
2 0.375 - 900 3600 2 0.375 - - - 1200 4800
3 0.625 - - - 700 2800 3 0.625 - - - 800 3200
4 0.873 - - - 550 2200 4 0,875 - - - 600 2400
5 1.125 - - 400 1600 -5 1,125 - - - 360 1440
& 1.375 211 70.9 283.6 250 1000 [ 1:375 164 55.1 220.4 220 880
7 1:625 239 70.9 283.6 120 480 7 1.625 63 18.7 74.8 45 180
B 1.875 114 30.7 122.8 54 216 '8 1,875 8 2.1 8.4 2,1 8.4
] 2.125 43 10.7 42.83 10.7 42.8 9 2.125 3 0.8 j.e 0.7 3.0
10 2,375 71 1.8 © 5.4 1.6 5.4 10 2.375 1 0.2 0.9 0.2 0.9
11 2625 2 0.4 1.6 0.4 1.6 11 2,625 | - - - - -
12 2.875 - - - - - 12 2.875 1 0.2 0.8 0.2 .8
13 3.125 - - - - 13 3.125 - - - - -
14 3.375 - - - - - 14 3.375 - - - - -
15 3.625 - - - 15 3.625 - - - - -
16 3.875% - - - 16 3.875 - - - - -
17 4.125 - - - - - 17 4,125 | - - - - -
18 4.315 | - - - - - 18 4.3715 | - - - - -
19 4.625 - - - - 19 4.625 | - - - - -
20 4.875 | - - - - - 20 4.875 | - - - - -
| 30 June 74 . [ 30 June 72 )
iBeqin time: N/A Samph} duration: 120 sec Begin t1me. N/A Sample duxat{un’ 120 sec
jZ(ACT)= 4420 ; n(ACT)- 8.0; (mn)= 917¢ 3 R(MOD)= 25.6 z{ncn~ s R(ACT)= T.8; 7(H0D)=3420 5 R(MOD)= 15.2
!. 0 125 = - - 999 3996 1 0.125 - - - 1500 6000
2 0.375 - - - 200 3600 2 0.375 - - - 1200 4800
3 0623 | - - - 700 2800 3 0.625 | - - - 8OO 3200
4 0.375 | - - - 550 2200 4 | 0.875 |- - - 600 2600
5 3.125 | - - - 400 1600 5 1.125 | = - - 360 1440
] 1.375 |159 53.4 213.6 250 1000 6 1.315 138 46.4 185.6 220 380
7 1.625 |28 64 .6 258.4 120 480 7 1.625 49 14,5 . 58,0 45 180
8 1.87% | 96 25.8 103.2 54 216 8 ~1,875 2 0.5 2.2 0.5 2.2
9 1°125 | 50 12.5 50.0 12.5 50.0 9 2,125 |- - - - -
10 2375 | 7 1.6 5.4 1.6 5.4 10 2.575 1 0.2 0.8 0.2 0.8
11 2.625 2 0.4 1.6 0.4 1.6 i1 2.625 - - - - -
12 2.875 2 0.4 1.6 0.4 1.6 12 2.875 - - - - -
13 3.125 | - - - - - 13 3.125 | - - = - -
14 3.375 | - - - - - 14 3.375 - - - -
15 3.625 | - - - - - 15 3.625 | - - - - -
16 3.875 | - - - - - 16 3.875 - - -
17 4,125 | - - - - - 17 4125 | - - - - -
18 4,175 | - - - - 18 4.375 | - - - -
19 6.625 | - - - - - 17 4,625 | - - - -
20 4.875 - - - 20 fi.S?S - _-_ 1 . :- - - —‘

75




76

Takle B-1. Drop Distribution Obt:a).ned on Board NOAA S}up "Researcher" (contmuea‘)
! ACTUAL MOBTELED ACTUAL HOD1F] D
Brop |Midpelint e e brop [Midpolnt) ____ ... e s ..
size diameter number nymber| number nunber slze dlanater numbo 3 numhcr nssber i
categary|  (mm)  |no.w3(ap)”H w3mam w3 (any ! m™ 3ng b category| () |no. |wm3¢ADY Y m ™ a3 an) 7 [ dan !
30 June 74 30 June 74

Beqin time: N/A Samp1e duratfon: 120 sect || IBegin time: N/A Sample duratfon: 120 sec

Z{ACT)= 280 ; R{ACT)= 0.5 z(M0D}= 700 ; R{HOD}= 3.7 Z(AC])— 1410 4 R(AC]) 2 H Z(I'UD)— 2750 3 (rmn) 1.8
1 0.125 - . - &04 2400 1 0.§z5 | - - - Q00 3600
2 0.375 - - - 450 1800 2 0.375 |- - - 760 3040
3 0.625 - - - 320 1280 3 0,625 |- - - 600 2400
4 0,875 - - - 210 840 4 0.875 |- - - 480 1920
5 1,125 - - - 100 400 5 1,125 | - - - 300 1200
6 1.375 30 10.0 40.0 45 180 6 1.375 165 55.4 221.6 140 560
? 1.625 12 3.5 14.0 3.5 14,0 - 7 1.625 o3 30.5 122 38 152
8 1,875 1 0.3 1.2 0.3 1.2 8 1.875 |14 3.8 15.2 3.8 15.2
g 2,125 - - C- - - 9 2,125 3 0.8 3.2 0.8 3.2
10 2,375 - - - - - 10 2,375 | - - - - -
11 2.625 - - - - - 11 2.625 |- - - - -
12 2.875 - - - - 12 2.875 |- - - - -
13 3,125 - - - - 13 3.125 - - - - -
14 3,373 e - - - 14 3.375 | - - - - -
15 3,625 - - - - - 15 3.625 | - - - - -
16 3.875 - = - - 16 3.875 - - - - -
17 4,125 - - - - - 17 4,125 |~ - - - -
18 4,395 | - - - - - 18 4.375 |- - -

19 4.625 | - - - - - 19 §.825 |- - - -
20 4.875 - - - - - 20 4.875 | - - - -

30 June 74 30 June 74 T ¢

Begin time: N/A Sample duration: Sec Regin time: H/A Sample duration: 120 sec] |

Z(ACT)= 500 ; R(ACT)=1.2 ; Z(}0OD)= 3430 ; R(rlou) 15 2 Z{ACT}= 1270 ; R{ACT)= 1.3 ; Z(#HOD]=10500 ; R(non) 30.7
1 0.125 - - - 1500 6000 1 0.125 - - 1500 5000
2 0.375 - - - - 1200 4800 2 0.375 - - 1300 5200
3 0.625 - - - a0g 3200 3 0.625 - _ - 999 3996
4 0,875 - - - 600 2400 4 0.875 _ - - 200 3200
5 1,125 - - - 360 1440 5 1.125 | - - - 500 2000
[3 1,375 65 22,2 £8.8 220 880 [3 1:375 22 7.4 29.6 300 1200
7 1.625 | 45| 13.3 53.2 45 180 7 1.625 |13 3.8 15.2 | 150 600
8 1,875 5 1.4 5.6 1.4 - 5.6 8 1.875 2 0.5 2.0 55 220
9 2,125 - - - - - - 9 2,125 3 0.8 3.2 0.8 - 3.2

10 2,375 - - - - - 10 2,375 |11 2.6 10.4 2.6 10.4
11 2,625 - - - - - 11 2.625 5 1.1 Ak 1.1 b4
12 2.875 - - - - - 12 2.875 2 0.4 1.6 0.4 1.6
13- 3.125 - - - - - 13 3,125 - - - - -
14 3,375 - - - - - 14 3.375 | - - - - -
i5 3.625 - - - - 15 3.625 - - - - -
16 3.875 - - - - - 16 3.875 - - - -

17 4.125 - - - - - 17 .4,125 - - - -
18 4,375 - - - - - 18 4,375 - - - -
19 4,625 | - - - - - 19 4,625 | - - - - -
20 4.875 - - - - - 20 4.875 | - - - -
30 June 74 30 June 74 ,

Begin time: N/A Sample duration: 120 sec Begin time: N/A Sample duralion: 120 sec
Z{ACT)= 880 ; R(N:T) 7(!105}- 3620; R{1WD)=15.5 { )- 3550 5 R(ACT)= 3.2 ; Z(MOD)= 9950 ; R(MOD)=30.1

1 O 125 ¥ - - - 1500 6000 1 0.125 - - - 1500 5000
Z 0.375 | - - - 1200 4800 2 0.375 | - - - 1300 5200
3 (3.625 - 200 3260° 3 0.625 - - 999 3996
4 0.875 | - - - 600 2400 4 0.875 - - - 800 3200
5 1.125 | - - - 360 1440 5 1.123 - - - 500 2000
6 ° 1.375 | 98 32.9 131.6 220 880 6 1.375 51 17.1 68.4 300 - 1200
7 1.625 | 59 17.5 70.0 45 180 7 1.625 44 13.0 52.0 150 600
] 1.875 | 10 2.7 10.8 2.7 10.8 8 1.875 19 5.1 20.4 55 220
¢ 2,125 6 1.5 6.0 1.5 6.0 % 2,125 | 27 5.7 22,8 5.7 22,8

10 2.3715 | - - ~ - - 10 2.375 7 1.6 6.4 1.6 6.4

11 2.625 | - - - - - 11 2.625 7 1.6 6.4 1.6 6.4

12 2,815 = - - - - 12 2.875 - = - - -

13 3.125 | - - N P - 13 3.125 | - - - - -

- 14 3.3715 | - - - - - 14 3.375 4 - - - - -

15 3.625 - - - - - 15 3.625 - - - - -

16 3.875 - - - - 16 3.875 - - - - -

12 4.123 - - - - - 17 4,175 - - - - -

18 4,315 | - - - - - 18 4.375 | - - - - -

19 4,625 - : - N 19 4,625 - - - - -
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Table B-1. Drop D.lstn.but:.on Obtamed on .Bcard’ NOAA anp "Researcher" (continueaf)
] ACTUAL HODTFLED ACTUAL HODLET D
Drop I}Ildpolnt . . e - Drop  [Mldpokuer] . e s .
rlze Jdiameter number number| nuber numbaer sime MHamcter mmahor ounber | nuslker e sher
cateporyl  (nm) nn.‘nf':’(.'\l'})_l T Rt E ) I catepory | Gm)  |no {n73(a0) 7Y m™dnT m"-'(.‘\:))"]|m' Pl
30 June 74 30 June 74 I
B‘.gm time: N/A Sampte duratien: 120 sec Begin time: N/A Sample duration: 120 sce
Z{ACT)= 2520 ; i R(ACT}= 3.9 #{HM0DY= 9850 3 R{MHOD)= 30.2 Z(AC]') J]'U R(i\l.'l )— 6 6 Z( ()D)= 8140 R(H()D)— 19.2
i 0.125 | - - - 1500 6000 1 0.125 | - - - 750 3000
2 0.375 | - - - 1300 5200 2 0.375 | =~ - - 600 2400
3 0.625 | - - - 999 3996 3 0.625 | - - - 470 1880
[ 0.875 - - - 800 3200 4 D.075 - - - 350 1400
5 1.125 - - - 500 2000 5 1.125 - - - 250 1000
6 1.375 | 40 13.4 53.6 | 300 1200 & 1.3715 | 66| 22.2 88.8 | 160 640
7 1.625 | 55| 16.3 85.2 | 150 600 7 1.625 |133] 39.4 157.6 20 360
6 1.875 | 55| 14.8 5.2 55 220 8 1.875 | 75| 20.4 81.6 40 160
9 2.125 | 36 8.9 35,6 8.9 35.6 9 “2.125 | 42]  10.5 42.0 15 60
10 2375 | 10 2.3 9.2 23 5.2 10 2.315 | 18] 4.2 16.8 6.2 16.8
11 2 825 | - - - - - 11 2.625 6 1.3 5.2 1.3 5.2
12 2.875 - - - - - 12 2.875 2 0.4 1.6 0.4 1.6
13 3.125 - - - - 13 3.125 H 0.2 0.8 0.2 0.8
14 3.375 | - - - - _ 14 3.375 | - - - - -
15 3,625 | - - - - - 15 3.625 | - - - - -
16 3.875 | - - - - 16 3.875 4 - - - - -
17 4.125 - - - - - 17 4,125 - - - - -
18 4.375 - - - - 18 4.375 - - - - -
19 4,625 - - - - 19 4.625 - - - - -
20 4.875 - - - - - 20 4,875 - - - - =
30 June 74 30 June 74 Con e m e ]
Begin L'lme' N/A Sample duration: 120 sec Begin time: N/A Semple duratfon: 120 sec
7(ACT)= 1660 ; R(ACT)= 3.0 ; Z(HOD)= 3090 ; R{HoD)= 12.3 z(AcT)-wmo ; R(ACT)« 13.7; Z(MOD)= 30890 ; n( on)- 54.5)
1 0.125 - - - 900 3600 1 0.125 - - 999 3996
2 0.375 - - - 760 3040 2 0.375 - - 950 3800
3 0.625 - - 600 2600 3 0.625 - - - 800 3200 -
[ 0.875 - - 480 1520 4 0.875 - - - 650 2600
s 1.125 - - - 300 1200 5 1.125 - - - 500 2000
] 1.2375 84 28.2 112.8 149 560 6 1.375 2 3G.9 123.6 350 140G
7 1.625 a5 28.2 112.8 38 152 7 1,625 |105 31.1 124 .4 230 926
8 1.875 22 5.9 23.6 5.9 23.6 8 1.875 83 22.3 89,2 130 520
'] 2,125 13 3.2 12.8 3.2 12.8 9 2.125 79 19.7 78.8 60 240
10 2.375 1} a.2 0.8 0.2 6.8 10 2.375 | 63 15.2 60.8 25 100
11 2,625 - - - - - 11 2.625 38 8.5 34.0 8.5 34.0
12 2.875 - - - - - 12 2.875 12 2.6 10.4 2.6 10.4
13 3.125 - - - - - 13 3.125 7 1.4 5.6 1.4 5.6
14 3.375 - - - - - 14 3.375 2 0.4 1.6 0.4 1.5
15 3.6?5 - - - - - 15 3.625 1 0.2 0.8 0.2 0.8
16 3.875 - - - - - 16 3.875 1 0.2 0.8 0.2 0.8
L 17 4,125 - = - = - 17 4.125 - - - - -
18 4.375 ] - ~ - - - 18 4,975 | - - - - -
19 4,625 - - ~ - 13 4,625 | - - - - -
20 4.875 - - - - 20 | 4875 - - - -
20 June 747 30 June 74 .
Beqgin time: N/A Sample duration: 120 sec Segin time: N/A Sarple duration: 120 sec
7(ncr)— 4920 R(ACT}" 4.5 3 zuwn)— 8350 ; R(HCD)= 19.4 /(ncn-zcoﬂﬂ 3 R{ACT)=12.3 ; 2(10D)=34970 ; R(MOb)=57.0
1 0.125 - - - 750 3000
2 fos -t - | - i e | 00 P ok el I (R I+
3 n.625 | - - 470 1850 3 0.625 | - - - 800 3200
4 0.875 | - - - 350 1400 4 ¢.875 | - - - 650 2600
5 1,125 | - - - 250 1000 - - B
. be 1 4ol 13.4 | s3.6 | 160 640 > 1.123 300 2000
6 1.375 6 1.375 | 93] 3.9 | 127.6 350 1400
7 1.625 51 i5.1 60.4 90 360 7 1.625 203 60.2 240.8 230 920
8 L 1,875 &5 12.1 48,4 40 160 B 1.875 124 33.4 132.6 130 520
9. 2,125 24 6.0 24,0 15 60 g 2.125 178 29.4 117.6 60 240
10 2,375 22 5.2 20.8 - 5.2 20.8 10 2,375 47 11,0 44,0 25 100
11 2.625 7 1.6 6.4 1.6 6.4 11 2,625 { 55 12.3 49,2 12.3 49.2
12 2.875 3 0.6 2.4 0.6 2.4 12 2.475 24 3.1 20.4 5.1 20.4
13 3.125 - - - - - 13 [ 3.125 | 11 . 2.3 9.2 2.3 9.2
14 3.375 - - - - - 14 3.375 4 0.8 3.2 0.8 3.2
15 1.625 | . - - - - 15 1.625 1 0.2 0.8 0.2 0.2
15 3.875 - - - - - 16 3.8753 ] 0.2 0.8 0.2 0.8
17 4,125 | - - - i7 4,125 | - - - -
18 4375 | - - - - - 14 h.75 - - - - -
19 4.625 | - - - 19 4625 - - - - -
20 4.8 | - - 0 AB7% | - o - -




Table B-1. Drop Da.str:.butlon Obta;ned on Board NOAA ShJ.p "Researcher {continued)
ACTUAL MOLIFLED ACTHAL l HODETTED
Deop Midpolnt - - e e e e i © Drop Midpalnt . i
glwe diameter number nusher| numbec aunber size dlametor mnlec i| mumcr numlrer : Ut
catugory : noa 3 (A0 " e = @ A Y m el category | () ua. [n”iaD) 7Y mmh |1~."'(AI))'1| a”
B 10 . -
3 July 74 8 July 74
Begin time: 1745 GMT;  Sample deration: 120 sec 3egin time: 1751 GMT:  Sawple durgtion: 120 sec
Z(ACT)= 23140; R(ACT)=17.0; Z{10D)= 25080; R(MOD)= 23.2 Z{ACT)=I1C0%0 ; R{ACT)= 76.2; 2(:.01)) -140210; R{MOD)=122.7
1 0.125 | - - 300 1200 1 0.125 |- - - 999 3996
2 0.375 | - - - 250 1000 2 ¢.375 | - - - 900 3600
3 0.825 | - - - 180 720 3 6,625 |- - - 700 2800
4 0.875 | - - - 140 5600 4 G.875% - - 600 2400
5 1.125 | - - - 100 400 5 1.125 | - - - 450 1800
6 1.375 | 36 12.1 48:4 80 120 6 1.375 [L75] 58.8 235.2 [ 300 1200
7 1.625 | 8| 25.5 | 102.0 60 240 7 1.625 [315| 93.4 173.6 250 1000
8 1.875 (117 2.5 | 126.0 45 180 8 1.875 |230| 61.9 247.6 | 200 800
9 2.125 102 25,2 | 100.8 25 100 9 2.125 [308) 76.8 307.2 1 140 560
10 5. 375 | 28 8.9 35.6 8.9 35.6 10 2.375 [184| 43.2 172.8 80 320
11 2.625 | 47 10.5 42.0 10.5 42,0 11 2.625 [240] 53.5 214.0 53.5 214
12 2,875 | 24 . 5.1 20.4 5.1 20.4 12 2.875 173| 371 148.4 37.1 148.4
13 1,125 | 13 2.7 10.8 2.7 10,8 13, 3. 83| 17.2 68.8 17.2 §8.8
14 3.375 8 1.6 6.4 1.6 6.4 14 3. 501 10.1 40.4 | - 10.1 40.4
15 3.625 6 1.2 4.8 1.2 4.8 15 3. 35 6.9 27.6 6.9 27.6
1% 3375 5 1.0 4.0 1.0 4.0 16 3. 10 1.9 7.6 1.9 7.6
17 4.125 - - - - - 17 4. 5 1.0 4.0 1.0 4.0
138 4.3715 | T - - - - 18 4. - - - - -
19 4,625 | - - - - - 19 4 - - - - -
20 4.875 |~ - - - - 20 { 5 - - - - -
Ju1y 7 . L3 Ju]y 74
Begm tima: 1747 GMT;  Sample duration: 120 sac Begin ‘time: 1753 GMT:  Sample duration: 120 sec| .
Z(ECT)= 536803 R{ACT}= 45,1 ; Z(MOD)= 55130; R{MOD}= 52.8 |Z(ACT)=108420; R{ACT)= B85.3; z(r'an)ﬂ150°40 R(:100)472 T
1 6.125 - - 600 2400 1 0.125 | - - - 1900 7600
2 ¢.375 - - SO0 2000 2, 6.375 | - - - 1500 6000
3 0.525 | - - - 150 1400 3 0.625 | - - - 1200 4800
4 6.875 | - - - 300 1200 4 0.875 | - - - 999 3996
S 1.125 - - - 200 800 5 1.125 | - - - 800 3200
6 1.375 |108| 36.3 | 145.2 150 00 6 1:375 |[B5| 28.6 114.4 | 600 2400
7 1.625 |236 70.0 280.0 110 460 2 1.625 [277| B2.1 328.4 [ 500 2000
8 1.875 1282 75.9 303.6 80 320 8 1.875 [351] 94.5 378.0 3407 1360
9 2.125 299 74.6 298.4 60 240 9 2.125 |492| 122.8 491.2 | 200 800
10 2.375 157 36.9 | 147.5 40 160 10 2,375 [334] 78.4 313.6 | 140 560
11 2.825 (159  33.2 132.8 33.2 132.8 1 - 2.625 |[331] 73.9 | 295.6 73.9 295.6
12 2.875 165! 13.9 55.6 13.9 55.6 12 2,875 1180 38.6 | 154.4 8.6 154.4
13 3.125 | g4 5.0 20.0 5.0 0.0 13 2.125 | eo| 12.4 49.6 12.4 49.6
14 3.375 | 16 3.2 12.8 3.2 12.8 14 3.375 | 26 5.2 20.8 5.2 20.8
15 3.625 5 1.0 4.0 1.0 4.0 15 1.625 | 14 2.8 11.2 2.8 11.2
16 3.875 3 0.6 2.4 0.6 2.4 16 3.875 4 0.8 3.2 0.8 3.2
17 4.125 3 0.6 2.4 0.6 2.4 17 4.125 3 0.6 2.4 0.6 2.4
18 4.375 - - - - - 18 4,375 | - - - L -
19 4.625 - - - - - 19 &.625 | - - - - -
‘20 4.875 - - - - - 20 &,875 | - - - - -
;8 Ju]y 74 8 July 74
Regin time: 1749 GHT Sal“plﬂ duration: 120 sec Beqgin time: 1795 GMT Sample duration: 120 sec
*L(MT)* 72940, .\(,'\cr)_ .2 1070 R(ml 61.5 Z(ACT) 4196¢ ; R(!\CT)- 40.0; ZUJGD)" 50990 R(HDD) 65.8
1 0.125 | - - - 1 0.125 |- - - 1200 4800
2 0.375 | ~ - - 2 0.375 |- - - 850 3400 .
3 0.625 | = - - 3 0.625 |- - - 650 2600
4 0.875 | -~ - - 4 0.875 | - - - 500 2000
5 1.125 | - - - 5 1.135 | - - - 370 1480
6 1.375 | 51t 17.1 68.4 6 1.375 | 81| 2702 108.8 270 1080
7 1.625 (1557 46.0 184.0 7 1.625, [229| 67.9 271.6 200 300
8 1.875 |163] 43.9 175.6 8 1.875 [273| 73.5 294.0 150 600
9 2.125 |186F 46.4 185.6 9 2.125 1354 88.3 353.2 95 180
10 2,375 |107] 25.1 100.4 40 10 2,375 [158| 37.t 148.4 37.1 148.4
11 2.625 |1181 26.3 105.2 26.3 11 2.625 |l07| 23.9 95.6 23.9 95.6
12 2.87% | 93} 19.9 79.6 19.9 12 2.875 | 49| Lo.5 42.0 10.5 42.0
13 4,105 | 467 9.5 18.0 9.5 13 3.125 [ 19] 3.9 15.6 3.9 15.6
14 3.375 | 33] 6.4 25.6 6.4 14 3.375 6| 1.2 4.8 1.2 4.8
15 3625 | 201 3.9 15.6 3.9 15 3.625 3 0.6 2.4 0.6 244
16 1, 875 7 1.4 5.6 1.4 16 3.875% 3 0.6 2.4 0.6 2.%
17 ko125 4 0.8 3.2 0.8 17 4,125 - - - -
18 4,375 4 0.8 3.2 0.8 18 4.315 | = - - -
19 hoo2s |7 - - - | 19 NP - - -
an H.87% - - - - - ! 4] 875 - i = - 1 = .




Table 5-1. Drop Distributicn Obteined on Board NOAA Ship "Researcher" (continued)
e g .. e e —m— L. I K - - P - # -------
ACTEAL MODIFIED ACTUAL MODLETED
Prop Midpatntl | i s brop [Hldpeisey, L . : ,
sine dlamebor numnber nymber "mrbt.l. T b e slze dlanecrer ! nuzbor numlu.r maber 1 onosber
categoryp () fnc.in”3¢ap) " w lna | n 3(nn)“1| ™ dn entepary | {ud) ‘:w.'nn""‘({.l))'] o™ h ™ N Ay llu ENTrad
8’ Ju1y 74 8 .Ju]y
Begin time: 1757 GMT;  Sample duration: 120 sec Begin tlmv 1803 GHT; Sa:'p]e duration: 120 sec
Z{ACT)= B3440; R{ACT)=57.5; Z(MOD)= 93900; R(i100)= 85.1 Z{ACT}= 19930; R(ACT}= 22.5 ( Dl})- 30930 R(I’ﬂﬁ)— 3.1
1 0.125 | - - - 999 3996 1 0.125 | - - 1900 7600
2 0.375 - - - 850 3400 2 0.375 | - - - 1560 §000
3 0.625 - - 650 2600 3 0,625 | = - - 1360 5200
4 0.875 - - 500 2000 4 0.875 - - - 950 3800
5 1.125 - - - 370 1480 5 1.125 - - - 600 2400
3 1.375 {123 41,3 165.2 270 1080 6 1.375 121 40.7 162.8 400 1600
7 1.625 {230] 68.2 272.8 | 200 809 7 l.e25 j1991 59.0 236.0 250 1000
8 1.875 |263 70.8 283.2 150 600 8 1.875 {1731 46.6 186.4 125 500
9 2.125 |288 71.9 287.6 95 380 9 2.12% (220}  54.9 219.6 54.9 219.6
10 2.575 [175] 411 164.4 41.1 1644 10 2,175 | 861 20.2 80.8 20.2 §0.8
11 2.625 |155 34.6 138.4 34.6 138.4 11 2.625 54 12,0 48.0 12,0 48.0
12 2.875 94 20.1 80.4 20.1 80.4 12 2.875 13 2.8 11.2 2.8 11.2
13 3.125 | 31| 10.6 42.4 10.6 42.4 13 3,128 3 0.6 2.4 0.6 2.4
14 3.375 | 45 9.1 36.4 9.1 36.4 14 3.375 3 0.6 2,4 0.6 2.4
15 3,625 22 4.3 17.2 4.3 17.2 15 3.625 2 0.4 1.6 0.4 1.6
16 3.875 | 11 2.1 8.4 2.1 8.4 16 3.875 |- - - - -
17 4,125 z 0.4 1.6 0.4 1.6 17 4.125 - - - - -
18 4.375 = = - = - 18 4,375 - - - - -
19 4.625 |- - - - - 19 4.625 |- - - = -
20 4.875 - = - - - 20 4.875 = - - -
8 July 74 |8 Juiy 74 oo mm
Beg1n time: 1759 GMT;  Sample duration: 120 sec Begin time: 1805 GMT; Sample duratjon: 120 sec
Z(ACT)= 69190 ; R(ACT}= 55.6; Z(HOD)= 77580; R{MOD)= 79.6 |Z(ACT)= 32720 ; R(ACT)= 34.8 Z(MOD)= 42340; R(LOD) 67.6
1 0.125 - - - 959 3956 1 0.125 - - - 1900
2 0.375 | - - - 850 3400 2 0.375 | -~ - - 1380 gggg
3 0.625 - - - 650 2600 3 0.625 | - - 1300 5200
4 0.875 - - - 500 2000 4 0.875 | - - - 950 3800
5 1.125 - - - 370 1480 5 1.125 | - - 600 2400
6 1.375  |138| 46.3 185.2 | 270 1080 6 11375 151 s0.7 202.8 400 1600
7 1.625 (3113 92.8 371.2 .200 800 7 1,625 [244 72.4 289.6 250 1060
8 1.875 305 32.1 328.4 150 600 8 1.875 269 72.4 -.289.6 125 500
9 2.125 340 84.8 339.2 95 380 9 2,125 1302 75.3 30L.2 75.3 301.2
10 2.375 217 30.9 203.6 50.9 203.6 10 2.375 136 31.9 127.6 31..9 127.6
1L 2.625 |y49 33.2 132.8 13.2 132.8 11 - 2,625 | 90 20.1 80.4 20.1° 80.4
12 2.875 93 19.9 79.6 19.9 © 79.6 12 2.875 | 41 8.8 35.2 8.8 35,2
13 3.125 37 7.7 30.8 '7.7 30.8 13 3.125 | 13 2.7 10.8 2.7 10.8
14 3.375 13 2.6 10.4 2.6 10.4 14 3.375 14 0.8 3.2 0.8 3.2
15 3.825 12 2.4 9.6 2.4 936 15 3.625 - - - - -
16 3.875 11 2.1 8.4 2.1 8.4 16 3.875 - - - - .-
17 5.125 1 0.2 0.8 0.2 0.8 17 4.125 - - - - -
18 4.375 - - - - - 138 4.375 - - - -
19 4.625 - - - - = 19 4.625 | - - - -
20 4.375 - - - - - 20 4,875 )
ls July 74 B auly 74
Itagin time: 1801 GHMT Sample duration: 120 sec Bcgm time: 1807 GHMT Sample duration: 120 sec
IZ(ACT}= 34990; n(ncr)— ,z( HD) = 42360 ; R(hnu)~ 69.1 Z(ACT) 273303 R(ACT)= 31.7%; Z(TIGD)- ~15590, R{1100)= 63.8
1 a. 124 - - - 1900 7600 1 0.125 | - - - 1900 7600
2 0.375 - - - L500 G600 2 0,375 - - - 1500 6000
3 0.625 - - - 1300 5200 3 0.625 - - - 1300 5200
4 t.875 - ~- - 950 3800 4 0.87% - - - 950 3800
5 1.125 | - - - 600 2400 5 1.125 | - - - 600 2400
6 1.375 |186 62.5 250 400 1600 6 1.375 [L112 37.6 150.4 400 1600
7 1.625 k412] 122.2 488.8 251 1000 7 1.625 [322 95.5 152.0 250 1000
8 1,875 {376 101.2 4048 125 500 8 1.875 270 72.7 290.8 125 500
9 2,125 366 41.3 365.2 91.3 365.2 g 2,125 ;291 72.6 200.4 72.6 290.4
10 2,175 [142 33.3 133.2 33.3 133.2 10 2,375 fll6| 27.2 110.4 27.2 110.4
11 2,625 [103 3.0 92.0 23.0 92.0 11 2,605 82 i5.3 3.2 18.3 73.2
12 aers | 27 5.8 23.2 5.8 23.2 12 2,845 | 21 4.5 18.0 4.5 18.0
13 3.125 11 2.3 9,2 2.3 9,2 13 3.125 9 1.9 1.6 1.9 7.6
14 3.375 2 0.4 1.6 0.4 1.6 14 3,375 1 0.2 0.8 0.2 0.8
15 3.625 = - - - - 15 3.625 - - - - -
15 3.875 - = - = = 16 3.875 - = = -
17 4,125 - - = - - 17 £,125 - = = = -
ia 4,375 | T - - - - 18 4.375 | - - - -
i a.62s | - - N - 19 4.625 N - - -
o i 4,375 20 .75 47 ) .

79




Table B-1. Drop Distribution Obtained on Board NOAA Ship "Researcher”

ioop
slze
catepary

Midpelnt
dianctar
()

f

N

ACTUAL

number

w3 Ay

B
MOLLELED

nuzher| number
U 3w m=3¢an) !

mmber
| ™" Im~1

8 Jily 74~

Banin time;

1809 T

Sample duration: 120

. sec|
Z(ACT)= 141305 R{ACT)=18.2; Z(1200)=16390 ; R(HDB)= 27,9

Deap
slza

catepory

(continued)

Midpolue| | _.
diamnter

(n)

ACTUAL

) numbef
w3gany~1

na.

. - .
Bukber

HORLETLD

number e
A A et Im"r.;.. 1

July 74

Begin time:
Z(I\CT)_= 459_0 :

1815 63 S
ATy 7.5 5 2{100)

ample duration: 120 sac
5000 ; a{MoD}= 9.9

1 0.125 | - - - 500 3600 1 0.125 | - - - 300 1200
2 0.375 | - - 650 2600 2 0.375 | - - - 250 1000
3 0.625 - - - ‘500 2000 3 0.625 - - - 180 720
4 0.875 | - - 350 1400 4 0.875 | - - - 120 480
5 1.125 | - - - 230 920 5 128 |- | . - - 80 320
6 1.375 | 96| 32,3 | 129:2 160 640 6 1.375 | 60| 20.2 80.8 60 240
7 1.625 |203] 60.2 | 240.8 100 400 7 1.625 [151] 44.8 ) 179.2 40 160
8 1.875 [218] s8.2 | 232.8 58.21 232.8 8 1.875 |111 29.9 [ 119.6 29.9 11%.6
¢ 2.125 |166] 41.4 | 165.6 4141  165.6 9 2.125 | 36| 1l4.0 56.0 14.0 56.0
10 2,375 | 63} 14.8 59.2 14.8 59.2 10 2,375 | 16 3.8 15.2 3.8 15.2
11 2,625 | 26 5.8 23.2 5.8 23.2 11 2,625 5 1.1 4.4 1.1 bob
12 2,875 | 11| . 2.4 9.6 2.4 9.6 12 2.875 | - - - .- -
13 3,125 3 0.6 2.4 0.6 " 2.4 13 3.125 | - - - - -
14 3.375 | - - - - - 14 3.375 | - - - - -
15 3.625 - - - 15 3.625 | - - - - -
16 3.875 | - - - - - 16 3.875 |- - - - -
17 4,125 | - - - - 17 4.125 |~ - - - -
18 4.315 | - - - - - 18 4,373 |~ - - - -
19 5,625 | - - - - - 19 4.625 |~ - - = -
20 4,873 | - - - - - 20 4.875 |~ - - - -
I8 July 74 . B July 74 .

Begin time: 1811 @MT;  Sample duration: 120 sec Begin time: 1817 GMT;  Sample duration: 120 secc
Z{ACT)= 155103 R(ACT)=19.2; Z{MOD)=17660 ; R(MOD)= 28.6 | Z(ACT)= 5160 R(ACT)= 8.6 ; Z{IMiD)= 6030 ; R(MOD}= 12.9
L 0.125 | - - - 900 3600 1 0.125 | - - - 400 1600
2 0.375 | - - - 650 2600 2 0.375 | - - - 300 1200
3 0.625 - - 500 2000 3 ¢.525 |~ - - 230 920
4 0.875 | - - - 350 1400 - 4 0.875 | - - - 180 720
5 1.125 | - - - 230 220 5 1.125 |~ - - 130 520
& 1.375 (1041 34,9 139.6 | 160 640 6 1:375 ; 82| 27.6 110.4 90 360
7 1.625 219 64.9 259.6 | 100 400 7 1.625 |186] 55,2 220.8 53, 220
8 1.875 |t9z| s51.7 206.8 51.7 206.8 8 1.875 [122] 32.8 im.2 35,0 140
9 2,125 |i7il 42,7 170.8 42.7 170.8 9 2,125 | 651 16.2 64.8 16,2 64.8
10 2,375 | 57 13.4 53.6 13.4 53.6 10 2.375 | 16 3.8 15.2 3.8 15.2
11 2,625 &4 9.8 39.2 9.8 39.2 11 2.625 5 1.1 4.4 1.1 4.4
12 2,875 | 16 3.4 13.6 3.4 13.5 12 2.875 - - - =
13 3.125 2 0.4 1.6 T 0.4 1.5 13 3125 | - - - - -

14 3.375 - - - - 14 3.375 | - - - -

15 3.625 | - - - - - 15 3.625 | - - - - -
16 3.875 | - - - - - 16 3.875 | - - - - "
17 6,125 | - - - - - 17 4.125 | - - - -
18 4.375 | - - - - - 18 4.375 | - - - -
19 4.625 | - - - - -« = 19 4,625 | - - - - =
20 4.875 | ~ - - - - 20 4.875 | - T, - - -

lg July 74 8 July 74 :

!Be-:n'n time: 1813 GHT Sample duration: 120 sec flegin time: 1819 GMT Sample duration: 120 sec
JZ(ACT)= 8790 ; R(ACT)= 12.4 Z(HDD)= 9590 ; R(MOD}= 16.4| || |Z(ACT)= 9510 ; R(ACT)=13.1 ; 2(M0D)= 112205 R(MOD)= 20.1)
1 0.125 | - - - 500 2000 1 0.125 | - - - 650 2600
2 0.375 - - 150 1400 2 0.375 | - - - 500 2000
3 0.625 | - - - 250 1000 3 0.625 - - 150 1400
4 0.875 - - 180 720 4 0.875 | - - - 250 1000
5 1.125 | - - - 120 480 5 1.125 - - - 170 :gg

6 1.375 | 701 2%.5 94.0 80 120 6 1.375 | 91| 30.6 122.4 120

7 1,625 {189 56.0 224.0 60 240 7 1.625 (208 61.7 246.8 80 320
8 1.875 (243 38.5 | 154.0 38.5 154.0 8 1.875 |1a2| 38.2 152.8 45 180
9 2.125 |118 29,4 117.6 29.4 117.% 5 2,125 |114( 28.4 113.6 28,4 113.6
i0 2.375 | 35 8.2 32.8 8.2 32.8 10 2.375 | 38 8.9 35.6 8.9 35.6
11 2,625 | 17 3.8 15.2 3.8 15.2 11 2.625 | 19 4.2 16.8 4.2 16.8
2 2.875 | 4 0.9 3.6 0.9 3.6 12 2.875 | &5 L3 5.2 1.3 5.2
13 3.125 | T - - - - 13 3125 | 1 0.2 0.8 0.2 0.8
14 3375 | 7 - - - - 14 3.375 | - - - - -
15 3.625 | ° - - - - 15 3.625 |~ - - i -
16 3.875 | T i - - - 16 3.875 | - - B T
17 40125 | - N _ 17 4,125 | - - N -
13 4375 | C - - C - 18 4.375 | - - - -
1 4,625 19 4,625

20 4.B75 | - - - - - 20 4.875 | - - T T B

80




Table .B-J.. Drap D.I.strz.bl.t.zon Obta*’ned on Board J\’OA.A Sfup "Researcher" (continued) .
| v
ACTUAL MODIFLED i ACTUAL MU ETED
frop Hidpolnej  _ [ DR bDrop Widpeint}y . L. .
size dlameter numbor numbar] number number slus diameter nu 1lmr nunber nuznh. r | nl:mhv
catepery|  (em)  nedwm3AD) T mFanm  mm 3 (ap) Y mm ] category! (mm) {no.|m= 3D}~ H n Y~ w3 (A" [n Syt
8 .July 74 8 July 74
Begin time: 1821 GMT;  Sample duration: 120 sec Regin time: 1827 GWT;  Sawple duration: 120 sec
|z(nu')— 19940; -R{ACT)= 23:1; Z(MOD)= 24680 3 R{HOD)= 40.9 Z(ACT)=32810 ; R(ACT)= 33.1; Z{10D)= 39640 ; R(110D)= 56.7
1 0.125 - - - 1560 6000 1 0.125 | = - - 1500 6000
2 0.375 - - - 1200 4800 2 0.375 | = - - 1200 4800
3 0.625 - - - 800 3200 3 0.625 | - - - 900 1600
4 0.875 - - - 600 2400 4 0.875 | - - - 650 2600
5 1.125 - - - 400 1600 5 1.125 | - - - 450 1800
6 1.375 |107] 35.0 144- 250 1000 6 . 1.375 |11 39.0 156 300 1200
7 1.625 | 271 B80.4 321.6 130 520 7 1.625 |297| 88.1 352.4 200 800
8 1.875 | 209 56.3 225,2 as 340 8 1.875 |259| 69.7 278.8 110 440
g 2.125 |194] 48.4 193.6 48.4 | 193.6 9 2.125 266 66.4 265.6 - 66.4 265.6
10 2.175% 75 17.6 70.4 17.6 70.4 10 2 4975 1114 26.8 107,2 26,8 107.2
11 2. 625 53 1i.8 47.2 11.8 47.2 11 2.625 | 78] 17.4 69.6 17.4 69.%
12 2.875 18 .3.9 15.6 3.9 15.6 12 5.875 34 7.3 29,2 7.3 29,2
13 3.125 6 1.2 4.8 1.2 4.8 13 3,125 15 3.1 12.4 31 12.4
14 1.375 1 0.2 0.8 0.2 0.8 14 3.375 6 1.2 4.8 1.2 4.8
15 3.625 - - - - - 15 3.625 4 0.8 3.2 0.8 3.2
16 3.875 1 0.2 0.8 0.2 0.8 16 3.875 1 0.2 0.8 0.2 0.8
17 §.125 - - - - - 17 4,125 |~ - - - -
18 4,375 - - - - - 18 4,375 - - - -
i9 4.625 - - - - - 19 4,625 | - : o -
20 4.875 - = - - - 20 4.875 - -
8 Juiy /4 ) Ju]y 7a - T
Begin time: 1823 GMT;  Sample duration: 120 sec Begin time: 1829 GMT:;  Sample duration: 120 sec
Z{ACT)= 21970; R(ACT)= 25.8; 2{MOD}= 26150; R{MOD)= 42.4 Z(ACT)=16050 ; R{ACT)=18.7 ; Z(M0D)=18230 ; R(}3D)=27.4
1 0.125 - - - 1500 6000 1 0.125 - 800 3200
2 0.375 - - - 1200 4800 2 0.373 - - 600 2400
3 0.625 - - - 800 3200 3 0.625 | - - - 450 1800
4 0.875 - - - 600 2400 4 0.875 | - - - 300 1200
5 1.125 - - - 400 1600 5 1.125 |- - - 200 800
3 1.375 [125] 42,0 168 250 1000 6 1:375 | 97| 32.6 130.4 150 600
7 1.625 |316| 93.7 374.8 120 520 7 1.525 (232 68.8 275.2 90 260
8 1.875 |233] 62.7 250.8 85 340 8 1,875 (186 50.1 200.4 60 240
9 2,125 |217] s4.1 216.4 56.1°| 216.4 9 . 2,125 |160| 39.9 159.6 39.9 159.6
10 2.375 | 87} 20.4 81.6 20.4 81.6 10 2,375 | 34| 12.7 50.8 1207 50.8
11 2.625 | s 129 51.6 |  12.9 51.6 11 2.625 | 31| . 6.9 | 27.6 6.9 27.6
12 2.875 191 4.1 16.4 4.1 16.4 12 2.875 | 17| 3.6 | 14.4 3.6 14.4
i3 3125 % 51 1.0 4.0 '1.0 4.0 13 3.125 | 3| 0.6 2.4 0.6 2.4
14 3.3 | o - - - - 14 3.375 | - - - - -
15 3.62% 1 0.2 0.8 0.2 0.8 15 3.625 | 2 0.4 1.5 0.4 1.6
16 3.373 1 0.2 0.8 0.2 0.8 16 3.875 | 1 0.2 0.8 0.2 0.8
L7 2;?2 - - - - - 17 4.125 | - - - - -
18 : - = - - - 18 4,375 | - - - - -
19 4.625 - - - - 19 4.625 | - - - - -
20 4.815 | - - - - - 20 4.875 | - - - - -
iB Ju]y 78 8 July 74
idegin time: 1825 GMT Sample duration: 120 sec Begin time: 1831 GMT Sample duration: 120 5
1Z(AST)=25070 ; R(ACT) : 29.2; z'nr\r) = 31900 3 R{NDD)= 52.7 ( Z(ACT)= 7080 ; p(ACT)= 10.7; Z(10D)= -7600 5 R(MOD)= 13 8
1 0.125 | - - - 1500 6000 1 . - - -
2 oans|-| - - | 1200 | dsoo 2 o |Z] C | o | 2200
3 0.625 - - 900 3sc0 3 0.625 | - - - 230 920
4 0.875 | - - - .| 650 2600 4 0.875 | - - - 150 600
5 1.125 | - - - 450 1300 5 1.125 | - - - 120 480
6 1.375 154 51.7 206.8| 300 1200 5 1.375 [100|" 33.6 | 134.4 80 320
7 1.625 |286| 84.8 339.2| 200 800 7 1.625 |191] 56.6 | 226.4 50 200
8 1.875 ,257| 69.2 276.8| 110 440 8 1.975 3130) 35.0 | 140 35.0 140
9 2.125 [279] 69.6 278.4 69.6 278.4 9 2,125 | 8a|[ 21.5 86 21.5 86
10 2.375 [107] 25.1 100.4 25,1 100.4 10 2,375 | 30 7.0 | .28 7.0 28
11 2.625 | 56| 12.5 50.0 12.5 50.0 11 2.625 | 10 2.2 8.8 2.2 8.8
12 2.B75 | 22 4.7 18.8 4.7 18.8 12 2.875 3 0.6 2.4 0.6 2.4
13 3.125 3 1.0 4.0 1.0 4.0 13 3.125 | - - T - -
14 3.375 3 0.6 2.4 0.6 2.4 14 3.375 | - - - - -
15 31.625 |- - - - - 15 3.625 | - - - - -
16 3.875 | 1 0.2 0.8 0.2 ¢.8 16 3.875 | - - - - -
ot 4.125 | - - - - - 17 §.125 | - - - - -
g 4,375 | - - - - - 18 4,375 | = - - - -
19 4.635 | - - - - 1% 4.625 | T - - - -
20 4.875 | - - - - - 20 4,875 | 7 - - - i
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Taple B-l. Drop Pistribution Obtained on Poard NOAA Ship "Researcher" (continued)

ACTUAL MODIFIED , ACTUAL HEDFIED
Nrep  {Hidpoint — Drop |Midpodint|_ _ . ___ e m e . .
slzu diametor nunber number| nunber number size diameter numbcr punber | ausber unshirr
catezory] (mm) |no. w3AD) "M I 3 (a0) | m™ a1 category|  (mm) [na.im~3(an)-! m I =3 a0~ H i dien™
28 July 74 Jul
Begin tlm‘-" H/A Sample dur‘ation. 120 sec|’ Begin 3)(.hmz. N/A Sample deration; 120 secc
Z{ACT}= 1160 ; R{ACT)a 1.3 3 Z{MOD)= 12403 R{MOD)= 2.1 Z(ACT)= 890 ; R{ACT)= 1.2 ; Z(MOD) 1330 3 (MDD)- 3 1
i 0.125 |- o - 130 520 1 n.125 | - - - 200 800
.2 0.375 | - - - 100 400 2 0.375 | - - - 160 640
3 0.625 |~ - - 70 280 3 0.625 | - - - 120 489
4 0.875 |- . - - 40 160 4 0.875 | - - - 80 320
5 1.125 | - - - 25 100 5 1.125 | - - - 50 200
6 1.375 | 19| 6.8 272 12 48 6 1.375 |24] 84 32,4 22 88
7 1.625 [ 18] 5.3 21,2 6.2 24.8 7 1,625 {16 4.7 18.8 11 a4
T8 1.875 |12} 2.2 12.8 3.2 12.8 8 1.875 | 1] 3.0 12.0 5.8 23.2
9 2.125 7| 1.8 © 7.2 1.8 7.2 9 "2.125 || 2.7 10.8 2.7, 10.8
10 2,378 T 7.8 .7 2.8 10 2.373 | 2| a.s 2.0 0.5 2.0
11 2.625 2 0.4 L.6 0.4 1.6 11 2,625 2 0.4 1.6 0.4 1.6
iz 2,875 2] 0.4 1.6 0.4 1.6 12 2.875 1 0.2 0.8 0.2 0.8
13 .| 3,125 1 0.2 0.8 0.2 0.8 13 3.125 | - - = - =
14 3.315 - - - - - 14 3.375 | - - - - -
15 3.625 - - - - - 15 3.625 | - - - - -
16 3.875 |~ - - - - 16 3.875 | - - - - -
17 4,125 | - - - - - 17 4.125 | - - - - -
18 4.375 | - - - - 18 4,375 | - - - - -
19 4.625 | 7 - - - - 19 4.625 | - - - - -
20 4.875 | - - - - - 20 45.875 | - - - - -
B Ju1 74 28 Ju1y 74
Begin Yitme: N/A Sample duratfon: 120 sec Begin time: N/A Sample duration: 120 seg|-
[Z{ACT}= 74805 R{ACT)= 5.0 ; Z{MOD)= 8680; R{MOD}=1l.2 Z(ACT)= 5530, R(ACT)= 5.5; z{MDD)= 9920 ; R(HDD)= 21.
1 0.125 | - = - 400 1600 1 0.125 |- - - 750 3000
2 0.375 | - - - 330 1320 2 0.375 | - - - 580 2320
a 0.625 | - - - 260 1040 3 6.625 | - - - 500 2000
4 0.875 - - L= 180 720 4 0.875 | - - - 480 1920
5 1.125 | - - - 130 520 5 1.125 |- - - 270 1080
& 1.375 | 21| 7.1 28,4 70 280 5 1:375 | esa] 215 86.0 180 720
7 1.625 | 33] 9.8 39.2 40 160 7 1.525 | 82| 24.3 97.2 100 400
8 1.875 | 25| 6.7 '26.8 15 1 60 8 1.875 | 54| 14.5 . 58.0 50 200
g 2.125 | 25| 6.2 24.8 6.2 - 24.8 g 2,125 |so| 7.5 30.0 7.5 30.0
16 2,375 | 11} 2.6 10,4 2.6 18.4 10 2,375 | 7] 1.6 6.4 156 | © 6.4
11 2.625 8 1.8 7.2 1.8 7.2 1l 2.625 5 1.1 Lo 1.1 4.4
12 2.875 11| 2.4 9.6 2.4 9.6 12 2.875 7 1.5 6.0 1.5 6.0
13 3.125 - b 5[ 1,0 4.0 ‘1.0 4.0 i3 3.125 | 6| 1.2 4.8 1.2 4.8
14 3.375 4 0.8 3.2 0.8 3.2 14 3.315 | 2| 0.4 1.6 | T 0.4 1.6
15 31,625 3. 0.6 2.4 0.6 2.4 15 3.625 - . - - -
16 3.875 - - - - - 16 3.875 |- - - - -
17 5.125 - - - - - 17 4.125 |- - - -
18 4.375 - - - - - 18 4,375 |- - - - -
19 4.625 | - - - - - 19 4,625 |~ - - -
20 4.875 | - - - - - 20 4.875 |- - - - -
8 Jul 74 8 July 74 .
unqinytme- N/A sample duration: 120 sec lleqmyhme N/A Sample duration:
z(ACT}- 4150, R(ACT) 4.4 z(non)— 8920 5 R{MOD)= 21.6 z(ncr)— 6070 ¢ R{ACT)=6.2  Z(MOD}=11 0 3 R(non) 27 6
1 0. 125 | - - -} 750 3000 1 0.125 {- - - 1300 5200
2 0,375 | - - - 580 2320 2 0.375 | - - - 999 3596
3 0.625 | = - - - 500 2000 3 0.623 |- - - 870 3480
4 0.875 | ~ - - 480 1920 & 0.875 |~ - - 706 2800
3 1.125 | - - - 270 1080 5 1.125 |- - - 400 1600
6’ 1.375 | 27; 9.1 :36.4 180 720 6 1.375 | 80| 26.9 107.6 230 920
7 1.625 | s2f 15.4 61,6 | 100 400 7 1.625 | 99{ 29.4 117.6 120 480
8 1.875 | sof 13.5 54.0 50 200 8 1.875 [65] 17.5 70.0 55 220
9 2,125 | 37 9.2 36.8 9.2 36.8 9 2.125 50| 12.5 50.0 12,5 50
10 2,315 | 9] 24 8.4 2.1 8.4 i0 2.375 | 18] 4.2 16,8 4.2 16.8
11 2.625 4 0.9 3.6 0.9 3.6 11 2.625 g 2.0 8.0 2.0 8.0
12 2.875 3l 0.6 2.4 0.6 2.4 12 2.875 6 1.3 5.2 1.3 5.2
13 3,325 4 0.8 3.2 0.8 3.2 13 3.125 2| 0.4 1.6 0.4 1.6
14 3.375 1| 0.2 0.8 0.2 0.8 14 3,375 2| 0.4 1.6 0.4 1.6
15 3.6 | - - - - . 15 3.625 - - - - -
16 3.875 | - - - - - 16 3.875 |- - - - -
17 4,125 < - - 17 4,125 - - - -
18 4,375 | - - - 18 4,375 - - -
19 4.625 | - - - - - 19 4.625 | = - - -
20 4,875 | - - .- - .- 20 4.875 |- -




Table B-1. Drop Pistribution Obtained on Board NOAA Ship "Researcher" (continued}
ALLUAL [HUTY SR ' ACTUAL Hobt ko

Drep i Hbdpolnt] Lrop JHIdpoint

slae dianeter - ——l:ll;E)e-; Mn‘l_l_l_nh(:_l. _;1"'1.];“;_ a :\tu.n!_rél: ' alue dfamoter n;:m.br-:; .l.II;r:Il):’- uﬁmiml" Illjli.!)l.';'
eategary] Gasd  Jno w3 A w Ine= Vi 3 Ay~ o fan ™1 t':\l.cr_ur-,v (e Fno b= 3CaD = a1 [ Ay e dgn !
54 -]u'ly 47 e [ ! 5 July g

Begin time: /A Sample duration: 120 see| § {Begin time: H/A Sample duratfon: 120 soc
Z(ACI):___E?_D__; R I\CT)" 1.7 3 Z{en)= 1010 ; r(HoD}= 4. 4 Z(J\CT)— 8260 R(ACT) 9 8 ; Z(MOU} ]1730 R(HOD)"Z?Q

1 0.125 | - - - 850 3400 1 0.125 | - - [ -] 00 5200
2 0.375 - - - 660 2400 2 0.375 - - - 999 3996
3 0.625 - - - £20 1680 3 0.625 | - - - 870 3480
4 0.875 - - - 230 920 4 0.875 | - - - - 700 2800
5 1.125 - - - 100 400 5 1,125 | - - - 400 1600
6 1.375 94 31,6 126.4 27 108 6 1.375 l183 54,8 219,2 230 920
7 1.67% 50 14.8 59.2 14.8 59.2 7 1.625 (185 54.9 219.6 120 480
8 1.875 14 3.8 15.2 3.8 15.2 8 1.875 | 90 24,2 96.8| | 55 220
3 2,125 1 0.2 © 0.8 0.2 0.8 9 2,125 | 81)  20.2 80.8 20.2 80.8
10 2.375 1 0.2 0.8 0.2 0.8 10 2.375 8 1.9 " 7.6 1.9 7.6
11 2.625 - - - - - 11 2.625 4 0.9 3.6 0.9 3.6
12 . | 2.87% - _ _a - 12 2.875 A 0.9 3.6 0.9 3.6
13 3.125 - - - - - 13 3.125 6 1.2 4.8 1.2 4.8
14 3.315 - - - - - 14 3.375 1 0.2 0.8 0.2 0.8
15 3.625 | - - - - - 15 3.625 | - - - - -
16 1.87s - - - - - 16 3.875 - - - - -
17 4.125 | - - - - - 17 4.125 | - - - - -
18 4.375 | - - - - - 18 4.375 | - - - - -
19 4.625 | - - - - - 19 4,625 | - - - - -
20 6,875 - - - - - 20 5.875 | - - - - -
28 July 74 28 Juiy 74 T T e s
Eegm time:  N/A Sample duratwn' 120 Begin time: N/A " Sample duration: 120 seoc
[Z{ACT)= 310 ; R(ACT}= 0.8; Z{MDD)= 750 ; R{MOD)= 3. 8 Z{ACT)= 3810 ; R{ACT)= 5.4; z(MOD)= 8840 ; R(!*OD) 23.4
1 0.125 - - - 850 3400 1 0.125 | - - - 299 3996
2 0.375 - - - 600 2400 2 0.375 | - - - | s 3480
3 0.625 - - - 420 1680 3 0.625 | - - - 700 2800
4 0.875 - - - 1 23 920 4 0.875 | - - - 540 2160
5 1.125 - - -~ { 100 400 5 1,125 | - - - 390 1560
6 1.375 34 11.4 45.6 27 108 6 1:375 {150 50.4 201,6 220 880
7 1.625 24 7.1 25.4 7.1 28.4 - 7 1.625 |13l 38.8 155.2 120 430
8 1.875 7 1.9 7.6 1.9 7.6 "8 1.875 52 14.0 . 56.0 45 180
9 2.125 1 0.2 0.8 0.2 - 0.8 9 2.125 22 5.5 22.0 5.5 22.0
10 2,375 § - - - - - 10 2,35 | 1{ 0.2 0.8 0.2 0.8
1l 2.625 - - - - - 11 2.625 - - - - -
12 2.875 - - - - - 12 2.875 3 0.6 2.4 0.6 2.4
13 3.125 - - - - - 13 3,125 5 1.0 4.0 1.0 4.0
14 3.375 - - - - - 14 3.375 1 0.2 0.8 0.2 0.8
15 3.625 - - - - - 15 3.625 - - - - -
16 3.873 -, - - - - 16 3.875 - - - - -
17 #,125 - - - - - 17 4,125 | - - - -
18 4,375 - - - - - 18 4,375 | - - - -
19 4,625 - - - - 19 §.625 | - - -
an 4.875 | - - - - © 20 4.873 | - - - -
28 July 74 : i'z8 July 74 .
Beqin time: N/A Sample duration: 120 sec Begin time; N/A . Sample duration: 120 sgec
z(r\cr)u 620 R(ACT) 1. 4, L(f1ﬂﬁ)=-‘ 980 ; R{MOD)= 4.2 7(ACT) 830 5 R{ACT)= 2.0 3 2{100)= 1770 5 R(MOD)= 7.3
L n 125 | - - - 850 - 3400 1 0,125 | - - - 650 2600
2 0.375 | - - - 600 2490 2 0.375 | - - - 520 2080
3 n.625 | - - - 420 - 1680 3 0.625 | - - - 400 1600
4 0.875 | - - - 230 920 4§ 0.875 | - - - 260 1040
5 1.125 | ~ - - 100 400 5 1,125 | - - - 180 720
6 1.375 | 73 24,5 98.0 27 108 6 1.375 74 24.9 99.6 90 360
7 1.625 | 31 9.2 36.8 9.2 36.8 7 1.625 | 74 2.9 | . 87.6 21.9 87.6
8 1.875 | 12 3.2 12.8 3.2 12.8 8 1.875 { 20 5.4 21.6 5.4 21.6
9 | 2.125 7 1.8 7.2 1.8 7.2 9 2.125 1 0,2 0.8 0.2 0.8
10 2,375 - - - - - 10 2.375 - - - - -
11 2,625 | - - - - - 11 2.625 { - - - - -
12 2.875 - - - - - 12 2,875 - - - - -
13 3,125 | - - - - - 13 3.125 | - - - - -
14 3.375 | - - - - - 14 3.375 - - - - -
15 3.625 | - - - - - 15 3.625 - - - -
16 3.875 | - - - - - 16 3.875 | - - - - -
17 o423 | - - - - - 17 4,125 = - - -
18 4,375 | - - - - - 18 4,375 - - - - -
19 4.625 - - - - L9 4,625 | = - - - -
20 4.875 - - B § 20 4.875 | - - S IR
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Table B-l. Drop Distribution Obtained on Board NOAA Ship "Researcher" (continued)

P -7

ACTUAL, HODIFIED . AGTUAL HitH S RN
Drop  |Hidpoint — Brop [Hidpoint) __ . _ .. ... ... PR . .
gize |diameter number number| number nunber size [diameter number nunber | nusher nunbier
satepory {mn} no. mo3a " o 3w mm3 A T mm I category (mn) | no. w3~ m= e =3 ) e e
(28 quly 74 Aoy T

fogin time; N, Sample duratfon: 120 sec

Begin time: N/A Sample duration: 120 -sec /A
Z{ACT)= 560 ; R(ACT)= 0.4 ; z(H0D)= 440 ; R(MOD)= 3.2

Z{ACT}= 110 ; R{ACT)= 0.2 ; Z{MOD)= 220 ; R{MOD)= 1.3

1 0.125 | - - - 300 1200 1 0,125 | - ~ - §50 3800
2 0.375 | - - - 220 830 2 0,315 | - - - 750 3000
3 0.625 | - - - 150 600 3 0.625 { - - - 500 2000
4 0.875 | - - - 90 360 4 0.875 | - - - 240 960
5 1.125 - - - 45 - | 1a0 5 1.125 | - - - 100 400
6 1.375 21 7.1 28.4 7.1 28.4 6 1.375 | 34} 11,4 45.6 11.4 45.6
7 1.625 | 1 0.3 1.2 0.3 1.2 7 1.625 2 0.6 2.4 0.6 2.4
3 1.875 - - - - - 8 1.875 1l 0.3 1.2 0.3 1.2
9 2.125 | - - - - - 9 "2.125 | - - - - -
10 2.375 | - - - - - 10 2.375 | - - - -
11 2,625 | - - - - - 11 2.625 | - - - -
12 2.875 - - - - - 12 2.875 - - - - -
13 3,125 | - - - - - - i3 3.125 | - - - - -
14 3.375 | - - - - z 14 3.375 | = - - - -
15 31.625 - - - - - 15 3.625 - - - - -
16 3.875 | - - - - - 16 3.875 | - - - - -
17 4,125 | - - - - - 17 4.125 | - - - - -
18 4:375 | - - - - - 18 4.375 | - - - -
‘1 4.625 | - - - - - 19 4,625 | - - - - -
20 4.875 | - - - - - 20 £,875 | - - - -
28 July 74 28 July 74
Begin time: N/A Sample duration: 120 sec Begin gime: N/A Sample durafion: 120 sec|.
Z{ACT)= 100 ; R(ACT)=0.3 ; Z{MOD)= 220 ; R(MOD}= 1.3 Z{ACT)= 500 ; R(ACT)= 0.2; Z{MOD)= 370 ; R{MOD)= 2.9
1 0.125 - - - 300 1200 1 0.125 | - - - 950 3800
2 0.375 - - - 220 880 2 0.375 - - - 750 3000
3 0.625 - - - - 150 600 3 0.625 | - - - 500 2000
4 6.875 - - T - 90 360 4 0.875 | - - - 240 960
5 1.125 - - - 45 180 5 1z | - - - 100 400
6 1.375 17 5.7 22.8 5.7 22.8 | 6 1:375 | 12 4,0 16.0 4.0 16.0
7 1,625 7 2.1 8.4 2.1 8.4 - 7 1,625 1 0.3 1.2 0.3 1.z
8 1.875 2 0.5 2.0 0.5 2,0 8 1.875 | - - - - -
g 2.125 - - - - - g 2.125 | - - - - -
10 2.375 - - - - - 10 2,375 - - - - -
1 2.625 | - - - - 11 2.625 | - - - - -
12 2,875 - - 12 3.875 - - - - -
13 3.125 - - - - - i3 3,125 | - - - - -
14 3.375 - - - - - 14 3.375 | - - - -
15 3.625 - -~ - - - 15 3.625 | - - -
16 3.875 [~ - - - - 16 3.875 | - - - - -
17 4.125 | - - - - - 17 4.125 | - - - - -
18 4,375 - - - . - 18 4.375 - - - - -
19 4.625 | - - - - - 19 . | 4.625 |- - - - -
20 4.875 | - - - - 20 - | 4.875 | - - - - -
28 July 74 . _ 28 July 74 : .
Beqin time: N/A . Sample duration: 120 sec Begin time: N/A Sample durakion: 120 sec
Z{ACT)=_ 200 ; R{ACT}= 0.5 Z(MOD)= 510 ; R(MOD)= 3.3 Z(ACT)= 840 4 R{ACT)= 0.6 Z(MOD)= 2300 ; R(MOD}=9.8
1 0.125 | - - - 950 3800 1 0.125 | - - - 950 3800
2 0.375 | - - - 750 3000 2 0.375 | - - - 750 3000
3 0.625 | - - - 500 2000 3 0.625 | - - - 600 2400
4 0.875 1 - - . 240 960 4 0.875 | -~ - - 400 1600
5 1.125 | - - - 100 400 5 1.125 | - - - 220 B850
6 1.375 | 34|  11.4 45.6 11.4 45.6 6 1.375 | 22 7.4 29.6 | 110 440
7 1.625 | 8 2.4 9.6 2.4 9.6 7 1.625 4 1.2 4.8 43 172
8 1.875 | 4 -1.1 4.4 1.1 4ok 8 1.875 7 1.9 7.6 1.9 7.6
9 2.125 | - - - - - ] 2,125 | 1 0.2 0.8 0.2 .8
10 2,375 | - - - - - 10 2.375 | - - - - -
11 2,625 | - - - - - 11 2.625 | - - - - -
12 2.875 | - - - - - 12 2,875 - - - - -
13 3.125 | - - - - - 13 3.125 | - - - - -
14 3.375 | T - - - 14 3,375 | - - - - -
15 3.625 | - - - - - 15 3.625 | - - - - -
16 3.825 | ~ - - - - 16 3.875 - - - - -
17 4.125 | - - - - - 17 4,125 | - - - - -
18 4,375 | - - - - - 18 4,375 | - - - - -
19 4.625 | - - - - - 19 4.625 |~ - = - -
20 4.875 [ - - - - 20 4,875 |7 = = = -




Table B-1.
ACTUAL _MODITIED
Drop |Midpoint :
size diameter| number number| number number
category| (mm) |ne.im 3(AD)"Ym w3 AD) Y m 3mm)
(28 July 74

Begin time: HN/A .
180 3 R{ACT)= 0.4 ; Z({MOD)= 1260 ; R(MOD)= 6.9

Z(ACT)=

Sample duratien:

120 sec|”

WO 00 SO B0 N

0.125
0.375
0.625
0.875
1.125
1.375
1.625
1.875
2,125
2.375
2.625
2.875
3.125
3.375
3.625
3.875
4,125
4.375
4,625

4.875

oLy O~y

o N B

950
150
600
400
220

70

3.

1 OO0

Ln

3800
3000
2400 .
1600
880
280
14.4
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Drop Distribution Obtained on Board NOAA Ship "Researcher" (continued}

SRS LS e oA




Table B-1. Drop Distribution Obtained on Foard NOAA Ship "Researcher" (continued)
T T L L T e L T e e e e e me wr e a e -

ACEUAL MODTFLED ACTUAL MODLFILD
Lrop Midpolint] _ [ Drop Midpednt| _ . ... L. . ,
nige dlameter number nunber| number number slze diameter aumber nather | number | netber
categoryl  Gmsd  [no.[a™3¢aD) ™Y mm I~ [ 3¢AD) ") m™Sma~ 1 category| (mm) no.|w”3(4D) ! m ™ nz"3(A[})"'1|x:|"3uun'1
2 August 74 2 August 74
Seqin time: 2126 GMT;  Sample duratien: 120 secy | [Begin time: 21326MT;  Sample duration: 120 scc
Z(ACT)=  260; R(ACT)= 0.6; Z(MOD)}= 1790 3 R(MOD)}= 8.4 | .| |Z{ACT}= 1050; R{ACT)}= 2.0 ; Z(MOD)= 1950; R{HOD)= 8.6
1 0.125 - P - © 1300 5200 1 0.125 - - - 1300 5200
2 0.375 - - - 299 3996 2 0.375 - - - 999 3996
3 0.625 - = - ‘800 3200 3 0.625 - - - 8OO 3200
4 0.875 - o= - 500 2000 4. 0,875 - - - 300 2000
5 1.125 - - - 200 800 5 1.125 = - - 200 800
6 1.375 15 5.0 20.0 70 280 6 1.375 61 20,5 82.0 70 280
7 1.625 13 3.8 15.2 17 68 7 1.625 59 17.5 70.0 17.5 70
8 1.875 12 3.2 12.8 3.2 . d2.8 8 1.8725 16 4.3 17.2 4.3 17.2
9 2.125 1 ¢.2 ] -0.8 0.2 0.8 9 2.125 8 2.0 8.0 2.0 | 8.0
10 2.375 |~ - - - 2,375 1 0.2 0.8 0.2 0.8
11 2.625 - -7 g - - 2,625 1 0.2 0.8 0.2 0.8
12 2.875 |~ .- - - 7 - 2.875 1 0.2 0.8 0.2 0.8
13 3,125 - - = - = 3,125 - - - - -
14 7| 3.375 |~ - - - - 3.375 | - = - -
15 3625 | ” - - - - 3.625 |- = - - -
16 3.875 |~ - - - 3.875 | - - - - -
17 4,125 - - - = 4,125 - - - - =
13 4,375 - - = - - 4.375 - - - . -
19 4.625 | - - - - - 4.625 | - - - - -
20 4.875 |~ - = - - 4,875 |- - - - -
2 August 74 . 74
Begin time: 2128GMT;  Sample duration: 120 sec Begin time: 2134GMT;  Sample duration: 120 sec
CILIALT)= 48; R(ACT)= 0.1; Z{MGD)= 110 ; R&({MOD)= 0.7 200 ; R(ACT)= 0.6; Z(MOD)= 440 ; R(MOD)= 2.2
1 0.125 | - - - 350 1400 0.125 |- - - 550 2200 °
2 Q.375 - - - 250 1000 0.375 - - - .| 400 1600
3 0.625 - - - 120 480 0.625 - - - 240 960
4 0.875 - - - 50 200 0.875 - - - 120 480
) 1.125 - - - 17 68 1.125 - - - 55 220
6 1.375 7 2.3 9,2 2.3 9.2 1.375 33 11.1 44 .4 20 80
7 1.625 2 0.6 2.4 0.6 2.4 - 1.625 17 5.0 20.0 3.0 20
8 1.875 2 0.5 2.0 Q.5 2.0 1.875 3 0.8 3.2 0.8 3.2
9 2.125 - - - - - 2.125 |- - - - -
10 2.375 | - - - - - 2,375 - ~ - - -
11 2.625 - - - - - 2.625 - - - - -
12 2.875 - - - - 2.875 - - - - -
13 3.125 | - - - - - 3.2 |- - - - -
14 3.375 - - - - 3.375 - - - - -
15 3.625 - - - - - 3.625 - - - - -
14 3.373 - - - - - 3.875 |- - - - -
17 5.125 - - - - - 4.125 - - - - -
18 4.375 | - - - - - 4.375 |- - - - -
19 4.625 | - - - - - 4,625 |- | . - - - -
20 4.875 | - - - - - 4.875 |- - - = -
f2 August 74 : 2 August 74 : .
©|Begin time: 2130 6MT  Sample duration: 120 sec Begin time: 2136 GHT Sample duration: 120 sec
Iz(icT)=_ 740 ; R(ACT)= 1.7 ; Z{110)= 1780 ; R(MOD)= 8.4 IZ(ACT)= 290 ; R(ACT}= €.8 ; Z{MOD)= 500 ; R(MOD)= 2.2

1 0.125 | - L= - 1300 5200 1 0.125. |- - - 450 1800
2 1 0.375 | - - - 999 3996 2 0.375 | - - - 320 1280
3 0.625 | - - - 800 3200 3 0.625 |- - - 200 800

4 0.875 | = - - 500 2000 4 0.875 | = - - 100 400
5 1.125 | = - - 200 800 5 1.125 - - - 40 160
6 1.375 | 49 16.5 { 66.0 70 280 6 1.375 |29 9.7 38.8 20 80
7 t.625 | 58 17.2 | 68.8 17.2 68.8 7 1.625 |29 8.6 3.4 8.6 3.4
8 1.875 | 18 4.8 19.2 4.8 19.2 8 1.875 6 1.6 6.4 .6 6.4
g 2.195 3 0.8 3.2 0.8 3.2 9 2.125 - - - - -
16 - 3.395 | 1 0.2 0.8 0,2 0.8 10 2.375 |- - - - -
11 2.625 | - - - - - 11 2.625 |- - - - -
12 2.875 |~ - = - = 12 2.875 |- - - - -
13 2,125 |~ - - - = 13 3.125 |- - - - -
14 3.375 | ~ = - - - 14 3.375 |- - - = -
15 3.625 | © -, - - - 15 3,625 - - - -

16 3.875 |~ - - - 16 3.875 |- - - - -
17 4,125 | ~ - - = = 17 4,125 |- - - - -
1% 4.375 | - = - = - 18 4,375 - = - - -
1 | 4.625 - - - - 19 4,625 |~ -

Mmoo § 485 |- - - - - 20 LETET Rt IR N PO DU
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Table B=1. D:op D;stnbutlon obtan.ned on Board NORA SIup "Researcher“ (ccnt.mued}
ACTUAL MODIFLED ACTUAL MOBIFIEDR
Drop |Midpolnt]| - —_ Drop |Midpoint S B ‘
size |diameter number number| number number size diameter number nuwber | nuaber | nurbor
category {mm) no.{ = 3{AD) Y m~dm~ Y mmICAD) Y m™ i~ 1 category {mz) no. a3 (an)=1| m= =1 ‘3(Al))" Im 3t
2 August 74 2 August 74
Begin time: 2138 GMT;  Sample duration: 120 seci | iBegin time 2144GMT;  Sample duration: 120 sec
Z(ACT)= 170 3 R{ACT)= 0.4; Z{MOD)= 360 ; R(MOD)= 1.8 Z{ACT)=" 3 R(ACT)= 2.2 7(M0D)= 2310 ; R{MOD)= 9.6
1 0.125 - - 450 1800 1 0.125 [ - - 1200 4800
2 0.375 - - - 120 1280 2 0.375 - - - 999 3956
3 0.625 | - - - 200 800 3 0.625 |~ - - 700 2800
I 0.875 | - - - 100 400 4 0.875 | - - - 450 1800
5 1.125 - - - 40 160 5 1.125 ¢ - - - 230 920
& 1.375 15 5.0 20:0 i2.0 48.0 6 1.375 71 23.8 95.2 100 400
7 1.625 15 4.4 17.6 h.h 17.6 7 1.625 75 22.2 83.8 22.2 88.8
B8 1.875 5 1.3 5.2 1.3 5.2 8 1.875 17 4.6 18.4 4.6 18.4
9 2.125 - - "~ - - 9 © 2,125 2 a.5 2.0 0.5 2,0
10 2.475 - - - - - 2. 1 0.2 0.8 0.2 ° 0.8
11 2,625 - - - - - 2. 3 0.7 2.8 0.7 2.8
12 2.8 | ~-| + - - - - 2, - - - - -
13 3.125 | - - 3. - - - - -
14 3.375 | - - - 3. - - - - -
15 3.625 - - - - - - = - - -
16 3.875 - - - - - - - - - -
17 4,125 - - - - - - = - - -
18 4.375 | - - - - - - - - - -
19 4.625 - - - - - - - = = =
20 4.875 | - - - - - o - - -
2 August 74 2 August 74 T T e e
Begin time 2140 GMT;  Sample duration: 120 sec Begin time: 2146 GMT;  Samnte duration: 120 sec
Z{AET)— 1030 R{ACT)= 2.1 Z(MOD)= 2280; R{MOD)= 9.5 Z(ACT)= 1180 ; R{ACT)= 2.4; Z(MOD}= 1950 ; R(J‘OD)~ 7.5
1 0.125 - - - 1200 4800 1 0.125 999 3996
2 0.375 - - - 999 3996 2 0.375 - - 900 3600
3 0.625 - - - 700 2800 3 0.625 - - - €90 2400
4 0.875 - - - 45Q 1800 4 0.875 - - - 380 1520
5 1.125 - - - 230 920 5 1,125 - - - 150 600
6 1.375 61 20.5 82.0 100 400 6 13375 67 22.5 990.0 60 240
7 1.625 65 19.3 77.2 19,3 71.2 - 7 1.625 63 18.7 74.8 18:7 74.8
8 1.875 22 5.9 | 23.6 5.9 23.6 8 1.875 | 32 8.6 34 8.6 4.4
] 2,125 5 1.2 4.8 1.2 - 5.8 9 2.125 7 1.8 7.2 1.8 7.2
10 2.375 1) 0.2 0.3 0.2 0.8 10 2,375 2 0.5 2.0 0.5 2.0
11 2.625 2 0.4 1.6 0.4 1.6 11 2.625 L 0.2 0.8 . 0.2 0.8
12 2,875 | - - - T - 12 2,875 | - - - . - -
13 3.125 | - - - - - 13 3.125 | - - - - -
14 3.375 = - - - - 15 3.375 - - - T - -
15 3.825 - - - - - 15 3.625 - - - - -
16 3.375 - - - - - 16 3.875 - - - - -
17 4,125 - - - -’ - 17 4,125 - - - - -
18 4,375 - - - - - 18 4,375 - - - - -
19 4.625 - - - - 1% 4,625 - - - -
-ZC‘ 4, 8?5 - - - - 20 & 875 - - - -
lo August 74 2 August 74
[Pegin time: 214z2GMT Sample duration: 120 5 Begin time: 2148 GMT  Sample duration: 120 sec
|Z(N‘T)= 1850 H R(ACT)~ 4.1; z(n D)- 2960 ; R{MDD)= 11, 0 ZIACT)= 830 ; R{ACT)= 1.9 ; Z{i40D)= 1590 ; R(HDD)— 7.0
1 0 125 - - - 1200 4800 1 0.125 - - - 999 3995
2 0.375 | - - - 999 3996 2 0.375 - - 900 3600
3 0.625 - - - 700 2800 3 0.625 - - 500 2400
4 0.875 | - - - 450 1800 ~ & 0.875 | - - - 380 1520
5 1.123 - - - 230 920 5 1.125 - - - 150 600
6 1.375 |229 43.3 173.2 100 400 6 1.375 49 23.2 92.8 60 240
7 1.625 [141 41.8 167.2 41.8 167.2 7 1.625 54 16.0 64.0 16.0 64.0
8 1.875 34 9.2 36.8 9.2 6.8 8 1.875 24 6.5 26.0 6.5 26.0
9 2,125 + 11 2.7 10.8 2.7 10.8 9 2,125 4 1.0 4.0 1.0 4.0
10 2.375 1 0.2 0.8 0.2 0.8 10 2,375 - - .- - -
11 2.625 | - - - - - 11 2.625 - - - - -
12 2.875 1 0.2 0.8 0,2 0.8 12 2.875 - - - - -
13 3,125 { - - hd - - 13 3.125 - - - - -
14 3.395 | - - - - - 14 3.375 - - - - -
15 3.625 | = -, - - - 15 3.625 - - - - -
16 3.875 | - - = - = 16 3.875 - - - - -
17 4,125 | = - - - - 17 4,125 - - - - -
¥ 4.375 | - - - - - 18 40375 - - - - -
19 4,625 | - - - - 19 4,625 - - - - -
20 4.875 | - - - - 20 4,875 (= - - TR
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Table B~1. Drop D.lstr:.but;on Obta.med on Boa.rd NOAA Sh.ip "Researchez {cont:.nued)
ACTUAL MODLFIED ACTUAL l HUD i Lir
Drop Hldpolnt Drop : Midpodnt] o s e o .
slze diametor numbey number| nunber number plze [diameter number nuember | number whoer
. eategory| {mm) no.lm C3aD) ™ w3 mm 3 (A Y m 3mn category| (mm) |mo.{m~3(ap) 1| m=3mm™ w3 A Ha a !
2 August 74 . 2 August 74
Begin time: 2150 GMT Sample duration. 120 sec Begin tima: 2156 GHM¥;  Sample duration' 120 soc
Z(ACT)= 6803 R{ACT}= 1.7 ; Z(MOD}= 1460 ; R(MOD)= 6.8 Z{ACT)= 360 3 R{ACT)= Z(MOD)' 550 R(HOD)- 2 3
1 0.125 | - - - 999 1896 1 0.125 - - 550 2200
2 0.375 - - = 900 3600 2 0.375 - 400 1600
3 D.625 - = - 600 2400 3 0.625 - - - 230 920
4 0.875 | - - - 180 1520 4 0.875 | - - - 12¢ 480
5 1.125 - - - 150 600 5 1.125 - - - 60 249
6 1,375 61 20.5 2.0 80 240 ] 1.375 33 11.1 hh. 4 27.0 108
7 1.625 60 17.8 71.2 17.8 7.2’ 7 1.625 28 8.3 33.2 8.3 33.2 .
8 1.875 | 14 3.8 15.2 3.8 15.2 8 1.875 | 11 3.0 12.¢ 1.0 12.0
Ed 2,125 2 0.5 T 2.0 0.5 2.0 9 12,125 | T - - - -
10 2.375 - - - - - 10 2.375 - - - - -
11 2.625 | - - - - - 11 2,625 | - - - -
12 2,875 - - - - - 12 2.875 - - - - -
12 3.125 - - - - - 13 3.125 - - - - -
14 3.315 | - - - - =~ 14 3.375 | - - - - -
15 3.625 - - - - - 15 3.625 | - - - - -
16 3.875 - - - - - 16 3.873 - - - - -
17 4.125 - - - - - 17 4,125 - - - - -
18 4.375 - - - - - 18 4.375 - - - - -
19 4,625 - - - - 19 4,625 - - - -
20 4.875 | - - - - - 20 4.875 | - - - - -
2 Rugust 74 Fl August 74 : T
Begin time: 2152 GMT;  Sample duration: 120 sec Begin time: 2158GMT;  Sample duration; 120 sec
Z(ACT)= 700 ; R(ACT)= 1.7 ; Z(MOD)= 1480 ; R{MOD)= 6.8 Z(ACT)= 380 ; R(ACT)= 0.9; Z(MO)= 660 ; R{t 100) 2.8
1 0.125 | - - - 999 3995 1 0.125 - - - 550 2200
2 0.375 - - - 900 3600 2 0,375 | - - - 400 1600
3 0.625 | - - - 600 2400 3 0.625 | - - 230 920
4 0.875 - - - 380 1520 4 0.875 - - - 120 480
5 1.125 |- - - 150 600 5 1,125 | - - - 60 240
6 1.375 61 20,5 82.0 60 249 6 1:375 41 13.8 55.2 27.0 108
7 1.625 34 156.0 64.0 16.0 64.0 7 1.625 28 8.3 33.2 8.3 33.2
B 1.875 15 4.0 16.0 4.0 16.0 8 1.875 6 1.6 6.4 1.6 6.4
g 2.125 4 1.0 4.0 1.0 4.0 g 2,125 3 0.8 3.2 0.8 3.2 -
10 2.375 - - - - - 10 2.375 - - - - -
1 2.625 | - - - - - 11 2.625 | - - - - -
12 2.873 ) - - - - - 12 2.875 | - - - - -
13 3.125 4 = - - - - i3 3.128 | - - - - -
4 3.3715 1 - - - - - 14 3.375 | - - - - -
I5 3.625 | - - - 15 3.625 | - - - - -
16 3.875 - - - 16 3.875 - - - - -
17 4.125 | - - - - - 17 6,125 | - - - - -
18 4.375 | - - - - - 18 4,375 | - - - z
19 4.625 - = - - - 19 4,625 - - - -
20 4.875 | - - - - - 20 4.875 | - - - -
2 August 74
Leqgin time: 2154 GIIT Sample duration: 120 sec
£(N:T)- 530 R(ACT)— a5 Z(IlDD)— 800 ; R{MOD)= 2. 9
1 D 125 - - 550 2200
2 0.375 - - - 400 1600
3 0.625 | - - - 230 920
] 0.875 - - - 120 480
5 1.125 | ~ - - 60 240
6 1.375 | 44 14.8 59,2 27 108
7 1.625 21 6.2 24.8 6.2 24.8
8 1.875 15 . 4.0 16.0 4.0 16.0
9 Z2.125 6 1.5 6,0 1.5 6.0
10 2.375 | - - - - -
11 2.625 | T - - - -
12 2,875 - - - - -
13 3.125 | - - - -
14 3.375 - -
15 3.625 | ~ - - - -
16 3.875 - - - - -
17 4,125 - - - - -
18 4,375 - - - - -
13 4.625 | - - - - -
20 4,875 | - - - -
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Table P-1. Drop Distribution Obtained on Board NOAA Ship "Researcher” (continued)
ACTUAL HOIH FTED AUTUAY, HODTFTED

hrep YMidpolnt|. . . R I _— A brop (Wldpeine| . ... .. .. L . .
sl=c dimnebeyr ambe ¢ numbe r m i numbe-r slze Jiameter numbc- e r ngjuulu: r . :_n;mi;ir_nl'

Ceateporyt  (an) | nel| o 3(aD)Y 7Y v dmn! m“"(ml) U~ 3am™! casepory | (em)  [no, P 3 Can) T wm fue =l Cany T S !
18 Aag 74 77 - T 18 Aug 74
Begin time: 0750 GMT, SampIe duration: 120 sec Beqin time: 0756 GHT;  Sample dural:ion' 32 l.
Z2(ACT}= 3370; R(ACT)= 5.0 Z(13GD}=10680 ; R{MON)= 29.6 Z{ACT)= 7410 n(m:T) 10.9 ; z{i0n)=13€20 n(non) .

1 0.125 - - 1200 4800 1 0.125 | - - - 1223 2383

2 0.375 - - - 1600 4000 - 2 0.375 | - - - lgﬁo 8400

3 0.625 - - - 850 3400 3 0.625 | - - - :

4 0.875 - - 650 2600 4 0.875 | - - - 650 2600

5 1.125 - - 450 18G0 5 1.125 - - - 430 1800

6 1.375 | 431 14.4 57.6 300 1200 6 1.375 {119] 40.0 160 300 1200

7 1.625 90] 26.7 106.8 130 520 7 1.625 |159] 47.1 188.4 130 gég

8 1.875 | 52| 14.0 56.0 65 260 8 1.873 |100| 26.7 106.8 ‘{3 R 138

9 2.125 51 12.7 50.8 12.7 50.8 9 ©2.125 | 73| 18.2 ;%.2 . e
10 2.375 11 2.6 10.4 2.6 10.4 10 2,375 23 5.4 e 5.4 2.8
11 2.625 6 1.3 5.2 1.3 5.2 i; gg;s 12 :lig b :;.g o

5 1 0.2 0.8 0.2 0.8 ] 875 . . . ’

PR B I A I ; . ER EERETS I N U X B
14 3,375 - - - o 14 3.375 - - - =
15 3.625 - - - 15 3.625 | - - -

16 3.875 - - - - - 16 3.875 | = - - -

17 4.125 - - - - - 17 4,125 | - - - - -

18 4.375 - - - - 18 4.375 | - - - - -
19 4.625 - - - - 19 4,625 - - - -
20 4.875 | - - - - - 20 4.875 | - - ~ -

18 Au 74
Egg%g tT?ne. 0752 GWT;  Sample duration: Begmg time: 0758 GTIT. Sample rluratiorv %
|Z(ACT)= 3780; R(ACT)= 5.6 ; Z(HOD)= 10900 ; R(noo) 29 s Z{ACT)= 5810 R(AC?)— 9.7 5 Z[MD)= 8430 R(HOD) 20 6

1 0.125 - - - 1200 4800 1 0.125 | - - - 800 3z00

2 0.375 - - - . 1000 4000 2 0.375 | - - - 660 2640

3 0.625 - - - . 850 3400 3 0.625 | - - - 540 2160

4 0.875 - - T - . 650 2600 4 0.87% | - - 400 1600

5 1.125 - - - 450 1800 5 1.125 | - - 300 1200

6 1.375 47( 15.8 63.2 360 1200 6 21:375 (147| 49.4 197.6 170 680

7 1.625 [t09] 32.3 129.2 130 520 7 1.625 l175| si.9 207.6 85 340

8 1.875 | 58 15.6 62.4 65 260 "B 1,875 {13s| 36.3 145.2 45 180

g 2.125 44 11.0 44.0 11.0- 44,0 9 2.125 | 75| 18.7 0.8 18.7 74.8
10 2.375 18l 4.2 16.8 4.2 16.8 10 2.375 |18l 3.8 15.2 3.8 15.2
11 2.625 7 1.6 f. b 1.6 6.4 11 2.625 6 1.3 5.2 1.3 5.2
12 2.875 1 0.2 0.8 0.2 0.3 12 2.875 1 0.2 0.8 0.2 0.8
13 3,125 - - - = - 13 3.125 | - - - - -
14 3.375 - - - - - 14 3,375 - - - -
15 3.625 - - - - - 15 3.625 - - - -
16 3.875 - - - - - 16 3.875 | - - - - -
17 4.125 4 - - - - - 17 425 | - - - - -
18 4.375 - - - - - 18 4,375 | - - - - -
19 6.625 | - - - - 19 4.625 | - - - - -
20 4.875 - - - - 20 | 4.875 |- - - - -
18 Aug 74 . fig Aug 74 :
Boqin time: 0754 GMT ~ Sai"ple duration: 120 3 Begin tine: 0800 GHT Sample duraliun' 120 sec
z(ﬂCT)= 3490 R(ACT) 5.5 3 HOD) 10460 R{MUU)— 29 2 z(ncr)— 3730 R(ACT)= 5.2 H Z(hDJ) 3470 3 R{MOD)= 9.1

1 O 125 - - 1200 4800 1 0,128 _ - - 500 2000

2 0.375 | - - - 1090 4000 2 0,375 | - - _ 200 1600

3 0.625 | - - 850 13400 3 0.625 | - - - 360 1200

4 0.875 | - z p 630 12600 4 0.875 | - - - 210 840

5 Laas |- - y 450 11800 5 1125 | - - - 130 520

6 - 1.375 | 91 308 [122.4 300 11300 6 1.375 |L44| 4s.4 193.6 80 320

7 1.625 | 110 32.6 130,48 130 52N 7 1.625 |1o1 10.0 120 10.0 120

5 66.8 65 260 . 2 .

8 1.875 | 62[ L6.7 8 1.875 | 6] 17.8 7.2 17.8 7.2

9 2,125 33 8.2 32.8 8.2 132.8 9 2.125 | 29 7.2 28.8 7.2 28.8
10 2,375 | 1 4.0 16.0 4.01  16.0 10 2.375 71 1.6 6.4 1.6 6.4
13 2.625 4 0.9 3.6 0.9 3.6 11 2,625 2 0.4 1.6 0.4 1.5
12 2.875 - - - - - 12 2.875 - - - -
13 3,125 i 0.2 0.8 6.2 0.8 13 3.125 - - - -
14 3.315 | - - - - - 14 3.375 - - - - -
15 3.625 | - -. - - - 15 3,625 - - - -
16 3.875 - - - - - 16 3.875 - - - - -

7 4,125 { - - - - - 17 4,125 - - -
4g 4.37% - - - - - 15 4,075 - - -
15 4.625 - - - - - L9 4,625 - - - - -
20 4,875 - - - - - 20 4,875 - - -




Table B-l. Drop D.tstr:buf:.ton Obta.med on Baard I\«OAA Si‘u,p "Researcher" (cont'inued}
v R I . n R R SR R SR rae 0 y

ACTUAL HOBLFIED ACTUAL HHHEHEHT

Drop [Midpoint| __ .. —_— bDrop |Mldpoint]|.

slza dlameter number number{ number number clze diamoter nnmber

category|  {om) m‘.v.lm':"(lm)_1 = Imm~ Y w3 (A= Y w3t category|  (mn)  [no, {m™3(AD)"

number| nomber wber
m™ 3= o ean) 7 i dmn™

18 August 74
Gogin time: 0808 GMT;  Sample duration' 120 sec
Z{ACT)= 6030: R{ACT)= 8.6 Z(MOD) 13730 R(HUD) 34 5

18 August 74
Begin time: 0802 GMT;  Sample duration. 120 sec
Z{ACT)}= 47503 R(ACT)= 7.7 ; Z{MOD)= 8240 ; R(MOD)=20.3

1 0.125 | - - - 800 3200 1 0.125 | - - - 1400 5600
2 0.375 - - - 660 2640 2 0.375 - - - 1200 4300
3 0.625 - - - 540 2160 3 0.625 - - - 950 3800
4 0.875 - - - 400 1600 4 0.875 - - - 700 2300
5 1.12% - - - 300 1200 5 1.125 - - - 540 1800
6 1.375 |146 49.0 196 170 680 6 1.375 |166 55.8 223.2 300 1200
7 1.625 126 37.4 149.6 5] 340 7 1.625 |110 32,6 130.4 150 600
8 1.875 | 84 22.6 90.4 45 180 8 1.875 |60} ' 16.2 64.8 70 280
9 2,125 58 14.5 58.0 14.5 58.0 9 "2.125 | 76 19.0 76.0 19.0 . 76,0
10 2,375 21 4.9 19.6 4.9 19.6 10 2.375 3 7.3 29.2 7.3 29.2
11 2.625 6 1.3 5.2 1.3 5.2 11 2.625 |11 2.4 9.6 2.4 9.6
12 . 2,875 1 - 0.2 0.8 - 0.2 0.8 12 %.875 4 0.9 3.6 0.9 . 3.6
13 3,125 - - - - - 13 3.125 | - - - - _
4 -t 3375 ). - - - - 14 3.375 | - - - - -
15 3.625 - - - ~ - 15 3.625 - - - - -
16 3.875 | - - - - - 16 3.875 | - - - - -
17 4,125 | - - - - - 17 4,125 | - - - - -
18 4.375 | - - - - - 18 4.315 | - - - - -
19 4,625 | - - - - - 19 4.625 | - - - - -
20 4,875 - - - - - 20 4,875 - - - - -
18 August 74 18 August 74
Begin time: 0804 gMT;  .Sample duration: 120 sec Begin time: 0B106GMT;  Sample duration. 120 see|
Z(ACT)— 14990 ; R{ACT)=19.6 ; Z(HMOD)=27460 ; R(HOD) 58.3 Z{ACT)= 1580; R(ACT}= 3.7 ; Z(MOD)= 3070 R(I.OD) 13 8
1 0.125 - - - 1500 £000 1 0.125 - - - 1400 5600
2 L 0.375 - - - 1300 5200 2 0.375 - - - 1200 4800
3 0.625 - - - 1000 4000 3 0.625 - - - 950 3800
4 0.875 - - - I 850 34G0 [ 0.875 - - - 700 2800
5 1.125 - - .- 620 2480 5 1.125 - - - 450 1800
6 1.375 |153 51.4 | 205.6 450 18¢cC 6 1,375 [208 70.0 | 280.0 100 400
? 1.625 238 70.6 282.4 280 1120 7 1.625 98 29.1 1i6.4 29,1 16.4
8 1.875 197 53.0 212.0 150 600 8 1.875 | 16 4,3 . 17.2 4.3 17.2
g9 2.125 {167 41.7 246.8 41.7 246.8 9 2,125 3] 0.8 3.2 0.8 3.2
10 2.375 | 72} 16.9 67.6 16.9 67.6 10 2,375 3 0.7 2,8 0.7 2.8
11 2,625 50 8.9 35.6 8.9 35.6 | 11 2.625 3 0. 2.8 a. 2.8
12 2.875 ] 1.9 7.6 1.9 7.6 12 2.875 - - - - -
13 3.125 1, 0.2 0.8 'ﬂ_.z 0.8 13 3.125 - - - - -
14 3.375 - - - - - 14 3.375 - - d - -
15 3.625 - - - - - 15 3.625 - ~ - - -
16 3.875 - - - - - 16 3.B75 - - - - -
17 4.125 - - ‘- - 17 4.125 - - - - -
18 4.375 | - - - - - 18 - | 4395 |- - - - ol
19 4.625 | - - ~ ~ - 19 4,625 | - - - - -
20 .85 | - - - - - 20 - 4.875 | - - - - -

18 August 74 ,
Beqin time: 0806 GHT Sanp!e duration' 120 sec
, z(ncn 19580 ; R(Acn 23.7; z(mn)- 34150, R(MOD}= 64.1

18 August 74 .
Begin time: 0812 GMT Sample duratfaon: 120 sec
z(ncr)- 460 3 R(ACT)= 1.1 ; Z(nDD)= 2260 ; R{MOD)= 12.3

1 T0.125 | - - - 1500 6000 1 0.125 | - - - 1400 5600
2 0.375 - - - 1300 5200 2 0.375 - - - 1200 4500
3 0.625 | - - - 1000 4000 3 0.625 - - . 950 3800
4 0.875 | - - - 850 3400 4 0.875 - - - 700 2800
5 1.125 | - od - 620 2480 5 1.125 - - - 450 1800,
6’ 1.375 {125 42.0 168.0 450 1800 6 1.375 7 23.9 95.6 1400 - 400
7 1.625 [195 57.8 | 231.2 280 -1120 7 1.625 { 23 6.8 27.2 6.8 27.2
8 1.875 | 194 52.2 208.8| 150 600 8 1.875 |. 4 1.1 b4 1.1 b4
9 2,125 | 239 59.6 | 238.4 59.6 238.4 9 2.125 4 1.0 4.0 1.0 4.0
10 2.375 |111 26,1 104.4 26.1 104.4 10 2.375 1 0.2 0.8 0.2 ,0.8
11 2.625 | 52 11.6 46,4 11.6 46.4 11 2.625 | - - - - -
12 2,875 | 15 3.2 12.8 3.2 12.8 12 2.875 | - - - - -
13 3.123 1 0.2 0.8 0.2 0.8 13 125 | - - - - -
14 3.375 - - - - - 14 3.375 - - - - -
15 3.625 | - - - - - 15 3.625 | - - - - -
16 3.875 | - - - - - 16 3.875 | - - - - -
17 7| &.125 | - - - - - 17 4,125 - - - - -
18 4.375 | - - - - - 18 4,375 | - - - - -
19 4,625 1 ~ - - - - 19 4,625 | - - - - -
.20 a. 875 | - - - - - 20 4.875 | - - - - -
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Table B-1. Drcp D;stnbut:.on Obtamed on Board I-OAA Sth "Researcher" {continued)
ACTUAL MOWLFLED AGTUAL NOBLEFFED
Drop |Midpolnt),_ _ . - Deop - {Midpoint{ __ _ __| e e e Lo .
slzn dlameter nunber number] number nunber pize ldiameter number num!n.r nsunbec punber
catagory (mm) no.| w3¢AD) 7Y m3ma w3 A0 Y mm dim catepory|  {(mm)  [no. a0 H oY w= ¥ (aD) " i dun
13 August 74 18 August 74
Begin time: 08 4 GMT;  Sampie duration- 120 5 Begin time: 0820 @MT;  Sample dulation. 120 sec
Z{ACT)= 290 ; R(ACT)= O. 8 3 Z(MOD)= 2170 ; R{MOD)= 12 2 Z{ACT)= 630 3 R{ACT)= Z(HUD)- 4800 R(r[{][)) 2] 6
1 0.125 - - - 1400 5600 0,125 | - - - 1800 7200°
2 0.315 | - - - 1200 4800 0.375 | - - - 1500 6000
3 0.625 - - - 950 3800 0.625 - - - 1300 5200
4 0.875 | - - - 700 2800 0.875 | - - - 1000 4000
5 1.125 - - - 450 1800 1.125 | - - - 600 2400
6 1.375 40 13.4 53.6 100 400 1.375 | 21 7.1 28.4 250 1000
7 1.625 3 9.2 36.8 9.2 36,8 1.625 | 39 11.6 46,4 55 220
8 1.875 3 0.8 3.2 0.8 3.2 1.875 | 22 5.9 23,6 5.9 23.6
9 2.125 - - - - - 1 2.125 5 1.2 4,8 1.2 4.8
10 2,375 - - - - - 2,375 | - - - - .
1k 2,625 | - - - - - 2.625 | - - - - -
12 2,875 - - - - _ 2.875 | - . - _ -
13 3.125 - - - - - 3.125 | - - - _. C
14 3.375 - - - - . 3.375 | - - - - -
15 3.625 - - » _ 3.625 | - - - - -
16 3.875 - - _ . 3.875 - - - - -
17 4,125 _ _ - - _ 4,125 | - - - - -
T 18 4,375 - - - - - 4,375 - - - - -
19 4,625 - - - - 4,625 | - - - -
20 4.875 - - - - - 4,875 | - - - - -
18 August 74 - uglist™ 7% T mm e o
Begin time: 0816 GMT;  Semple duration: 120 sec Begin time: 0822 GMT;  Sample duration: 120 sec
Z(ACT)= 300 ; R(ACT)= 0.8; I{MDD)— 2140; ®(M0D)=12.1 Z(ACT)= 400 ; R(I\CT)"‘ 0.9; Z(H(]D)— 1450 ; R(HOD)‘ 8.0{
1 0.125 | - - 1400 5600 1 0.125 - - 1500 6000
2 0.375 | - - - |1200 4800 2 £.375 - - 1300 5200
3 0.625 | - - - | 950 3800 3 0.625 | - - - 1000 4000
& 0.875 - - - 700 2800 - 4 0.875 | -{ - - - 540 2160
5 1.125 - - - L 450 180d 5 1.125 | - - - 200 800
6 1.375 57| ‘19.1 76.4 | 100 400 . . & 1:375 1 31 10.4 41.6 60 240°
7 1.625 22 6.5 26.0 6.5 26.0 7 1,625 | 51 9.2 36.8 9.2 " 36.8
8 1.875 - - - - - 8 1.875 | 0 2.7 l1o.8 2.7 10.8
9 2,125 1 0.2 0.8 0.2 0.8 5 2.125 2 0.5 2.0 0.5 2.0
10 2.375 1l 0.2 0.8 0.2 0.8 10 2,375 |- - - - -
11 2.625 - - - - - 11 2.625 | - - - - -
12 2.875 - - - - - 12 2,875 | - - - - -
13 3,125 - - - - - 13 3.125 | - - - - -
14 3.375 - - - - 14 3.375 | - - - - -
15 3,625 - - - - - 15 3.625 | - - - - -
16 3.875 - - - - - 16 3.875 | - - - - -
17 4,125 - - - - - 17 4.125 - - - - -,
18 4,375 - - - - - 18 4.375 | - - -~ - -
19 4625 | - - - - - 19 4.625 | - - - - -
0 ’--875 - - - - - 20 4.875 | - - - - -
18 August 74 . [18 August 74 .
Bﬂginqtune 0818 GHT Sample duration: 120 sec Benin time: 0324 GMT Sample duration' 120 sec
Z{nc R(ACT)— 1. 8 z{noo)— 1410 5 R(MOD)= 7.8 Z(ncr)- 130 4 R{ACT)= 0.4 s Z(MED)=1150 3 R{MOD)= 7.4
1 0.125 | - - - 1500 6000 1 0.125 | - - - 1500 6000
2 0.375 | - - - 1300 5200 2 0.375 | - - - 1300 5200
3 0.625 | - - - 1000 4000 3 0.625 | - - - 1000 4000
i 0.875 | - - - 540 2160 4 0.875 | - - - 540 2160
5 1,125 | - - - 200 800 s 1.125 | - - - 200 800
6 1.375 {131 44.0 176.0 80 240 6 1.375 ] 46 15.5 62.0 60 240
7 1.625 | 22 6.5 26.0 6.5 26.0 7 1.625 3 0.9 3.6 0.9 3.6
8 1.275 2 0.5 - 2,0 0.5 2.0 8 1,875 1 0.3 1.2 0.3 1.2
9 2.12% 8 2.0 8.0 2.0 8.0 9 2,125 | - - - - -
2,395 | - - " - 10 2.375 - - - - -
%2 2.625 2 0.4 1.6 0.4 1.6 11 2.625 - - - - -
12 2.875 | ~ - - - - 12 2.875 | - - - - -
13 3,125 1 7 T = - - - 13 3.125 ] - - - - -
14 3.375 - - - - 14 3.375 | - - - - -
15 . 3.625 | - - - - - 15 3.625 | - - - - -
16 3.875 | T - - - - 16 3,875 - - - - -
17 4.125 - - - - 17 4,135 | - - - - -
18 4,375 - - - - 18 4.375. | - - - - -
19 4625 | - - - - - 19 4.625 | - - - - -
20 6875 | - - - 20 4.875 | - O AR S




. Drop Distribution Obtained on Board NORA Ship "Researcher" (continued)

Table B-1
B R .
ACTUAL MODIFIED
Drop [Midpoint
size diameter number number{ number number
category| (mm) |[nosm I3(AD) " m 3mm Y m3(AD) 7Y m™ 3w~
18 August 74 :

Begin time: 0826 GMT; Sample duration: 120 sec
Z(ACT)= 100 ; R{ACT)= 0.3; Z(MOD)= 1180; R(MOD)= 7.5
1 0.125 - - - 1500 6000
2 0.375 - - - 1300 5200
3 0.625 - - 1000 4000 .
4 0.875 - - - 540 2160 -
5 1.125 - - - 200. 800
6 1.375 16 5.4 21:6 60 240
7 1.625 12 3.6 14.4 3.6 14.4
8 1.875 - - - - -
9 2,125 | - - - - -
10 2.375 | - - - -
11 2.625 - - - - -
12 2.875 - - - -
13 3.125 | - - - -
14 3.375 - - - - -
15 3.625 - - - - -
16 3.875 - - - - -
17 4.125 - - - - -
18 4.375 - - - -
19 4,625 - = - - -
20 4.875 - - - -
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Table B-I. Drup Dzstmbu.,zor Obtamed on Board NCAA Sh.u‘ "Researcher" (continued}
[ ACTUAL MODIFLED ACTUAL LRI LI B
Drop |Midpotint| __ [ Deop |Midpoint| ... JR S i ..
wize [diameter number nunber| number nunber pize [dlometer nu-ubcr nuuber | number number
eategory;  (mm)  |no. w2(aD) Y ™ dmn? m=3(aD) Y| m™ 3™ category| (mm) ~ juo,|m =3(ap) 1 m™Fun~1 w3~ A}
4 September 74 § Sep'tember 74
Benin time: 1845GMT;  Sample duration: 120 sec Begin time 1861 GMT. Sample duration: 120 sec
#{ACT)= 1806, R([\CT)= 2.8 2(M0D)= 3872 R{HOD)= 9.8 |Z(ACT)= H R(ACT)—- .8y Z(MDD)‘ 1750 R(HOD)- 4 5
1 0.125 | - - - 650 2600 1 0.125 | = - - 300 “1200
2 0.375 - - 450 1800 2 0.375 | - - - 230 920
3 0.625 | - - - 320 1280 3 0.625 | - - 150 600
4 0. 8?5 - - 200 800 4 0.875 | - - - 100 400
5 1.125 - - - 130 520 .5 1.125 - - - 60 240
5 1.375 | 33 11.1- | 44.4 85 340 6 1.375 | 23 7.7 30.8 35 140
7 1.625 {49 14.5 38.0 45 180 7 1.625 | 37 11.0 44.0 20 80
8 1.875 | 42 11.3 | 45.2 22 &8 8 1,875 | 28 7.0 28.0 10 40
9 2.125 |21 5.2 | 20.8 7.0 28.0 9 2,125 |19 4.7 18.8 4.7 18.8
10 2.375 | 6 1.4 5.6 1.4 5.6 10 2.315 | 1 0.2 9.8 0.2 0.8
11 2.625 2 0.4 1.6 0.4 1.6 ié gggg - - - - -
12 2.875 . . . . - B - - - -
13 3.125 ..1 2 2 D..S (3 z 9 8 13 3.125 - - - - -
14 3,375 | - - - - 14 3.375 | - - - - -
15 3.625 |- - - - - 15 3.625 | - - - - -
16 3.875 |- - - - - 16 3.875 | - - - = -
17 4.125 | - - - - - 17 4.125 4~ - - - -
18 4,375 | - - - - - |18 4.375 |~ - - - -
19 4.625 |- - - - - 1% 4,625 |~ - - = -
20 4 875 - - - - 20 fo 875 - - = - -
4 September 74 q September i
Begin tima; 1847 GHT Sample duration: 120 sec Begin time: 1853 GMT;  Sample duration: 120 sec
Z(ACT)= 892 ; R{ACT)= 1 55 Z{MOD)= 3558 ; R(MOD)= 9. 6| 2(ACT)=  1197; R(ACT)= 2.2, z(non)- 1575 ; R(uon)-
1 0.125 |~ - - 650 2600 1 10125 |- - - 300 1200
2 0.375 |- - - 450 1800 2 0.375 | - - - 230 920
3 0.625 |- - - 320 1280 3 0.625 | - - - 150 600
4 0.875 |- - - 200 800 4 0.875 |~ - - 100 400
5 1.125 - - - 130 520 5 1.125 - - - 60 240
6 1.375 20 6.7 26.8 85 340 6 1.375 3E 10.4 41.6 35 140
7 1,625 32 9.5 38.0 45 180 7 1.625 58 17.2 68.8 20 80
B 1.875 {16 4.3 17.2 22 | 88 8 1.875 | 313 8.9 .35.6 10 40
9 2.125 |13 3.2 12.8 o -f  28.0 9 2,125 |14 3.5 14,0 3.5 14.0
10 2.315 3) 0.7 2.8 0.7 2.8 10 2,375 1 0.2 0.8 0.2 0.8
11 2,625 1 0.2 0.8 0.2 0.8 1 2.625 1 0.2 0.8 0.2 0.8
12 2.875 - - - - - 12 2,875 - - - - =
13 3.125 - - - - - i3 3.125 | - - - - -
14 3.375 - - - - 14 3.375 - - - - -
15 3.625° | - - - - 15 1.625 - - - -
16 3.875 - - - - - 16 3.875 - - - - -
.12 4.125 | - - - -, - 17 4,125 | - - - - -
18 4,375 - - - - - 18 4.375 - - - - -
19 4,625 | - - - - - 19 4.625 | - - - - -
20 4.875 | - - - - o 20 |48 |- - - - -
4 September' 78 [4 September 74 .
Begin time: 1849 GMT Sample duratton: 120 5 c Begin time: 1855 GHT Sample duration: 120 _sec
Z{ACT)=_ 11963 R(ACT)- 1.8 3 2(1100)= 3730 3 R(HOD)= z(ncr)— 1435 5 R{ACT)= 2.5 ; Z(H0D}= 3000 ; R(MOD)= 7.9
1 0 125 - - 650 2600 1 0.125 - - - 600 2400
2 0.375 - - 450 1300 2 G.375 - - 450 1800
2 3-625 - - - 320 1280 3 0.625 | - - - 300 1200
.875 | = - - 200 800 & ) _ _ _
s 125 | - | - - 130 520 . Hest 2 Bl B .z i s
6 1.375 | 16 3.4 2L.6 85 340 6 1.375° 64 0
" 24 7.1 28.4 45 180 48 16.1 -k n 28
7 1.625 . y 7 1.625 63| 18.7 74.8 35 140
g l.a7s | 13 3.3 14.0 22 88 8 1.875 | 21 5.5 22.4 15 60
9 2.125 | 23 5.7 22.8 7 28.0 9 2,125 17 4.2 16.8 6 24
10 2,375 7 1.6 6.4 1.6 6.4 10 2.375 ? 1.6 6.4 1.6 6.4
il 2.625 1 0.2 0.8 0.2 0.8 11 2.625 1 0.2 0.8 0.2 0.8
12 2.875 - - - - - 12 2.875 - - - - -
13 3.125 | - - - - - 13 3.125 | - - - - -
14 3.315 | - - - - - 14 3,375 | - - - - -
15 3.625 | - - - - - 15 3.623 - - - - -
16 3.875 | - - - - - 16 3.875 | - - - - -
17 4,125 - - - 17 4,125 - - - - -
18 4,375 | - - - - - 18 4,375 - - - - -
19 4.625 - - = 19 4,625 - - - = -
20 4.875 | - - - - 20° 5,875 | - - - - -
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Table B-1. Drop Distribution Obtained on Board NOAA Ship "Researcher” (continued)

e e =iz

ACTUAL - MODIFIED
Drop Midpoint X

size diameter number number| number number
category| (mm) [ne.m 3(AD)"! m™3mm~!|m=3(aD) ™Y m 3!

4 September 74 )
Begin time: 1857 GMT;  Sample duration: 120 secl”
Z(ACT)= 2265 ; R{ACT)= 3.6; Z{MOD)}= 3280; R(MOD)= 8.2

1 0.125 - = —r 600 2400
2 0.375 | - - - 450 1800
3 0.625 - - - 300 1200
4 0.875 | - - . 180 720
5 1.125 | - - - 110 " | 440
6 1.375 | 33 1.1 b4 70 280
7 1.625 | 68 20.2 80.8 35 140
8 1.875 | 46 i2.4 49.6 15 . 60
9 2,125 | 28 7.0 "28.0 6 24
10 2,375 8 1,9 7.6 1.9 7.6
11 2.625 4 0.9 3.6 0.9 3.6
12 2.875 | - - - - -
13 3.125 | - - - - -
14 3.375 | - - - -
15 3.625 |~ - - - -
16 3.875 | - - = - -
17 4.125 | - - - - -
18 4.375 - - - - - i
19 4,625 | - - - - -
20 4.875 | - - - - -
4 September 74
Begin time: 1859 GMT;  Sample duration: 120 sec
Z(ACT)= 1447 ; R(ACT)= 2.5 ; Z{MOD)= 2990; R(MOD)= 7.9
1 0.125 | - - C- 600 2400
2 0.375 | - - - - 450 1800
3 0.625 |- — - | 300 1200
4 0.875 | - - - 180 720
5 1.125 | - - - | 110 440
6 1.375 | 44 14,8 59.2 70 280
7 1.625 50 14.8 59.2 35 140
8 1,875 |31 8.3 33.2 15 1 60
9 2.125 |16 4,0 16.0 |- & 24
10 2.375 5 1.2 4.8 1,2 4.8
11 2.625 2 0.4 1.6 0.4 1.6
12 2.875 - - - - -
13 3.125 - - - - -
14 3.375 - - - - -
15 3.625 - 2 -1 - R
16 3.875 - - - . -
17 4,125 - - - - -
18 4.375 - - - - -
19 4,625 - - - - Ce
20 4.875 - - - - -
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Tabla B-1. Drop Mistribution Obtained on BHosrd NOAZ Ship "Researcher® (wvontinued)
| ACTUAL MODLFLLED l ACTUAL tob 11 ED
Prop | Hldpolnt{ - Drop [Midpolnt| . _ ... . e .
slzoe diameter number number| number number slze dlameter nus nbcr numlmr number mweber
catejcy (i) ne.|w 3(aD) I w 3w me3(an) 7Y mT3mm™ category {mm) no." ETE 1) ] Pk e tn‘3(AE))“] w31
16 September 74 16 September 74 .
Begin time: 1020 GMT Sample duration: 120 sec Begin time; 1026 GUT;  Semple duratien: 120 sce
z{AcT)= 2186; R{ACT)= 3.1; Z(MOD)= 3100; R{MOD)= 7.0 Z(ACT)= 1390 ; R(ACT)}= 2.3; Z(MOD)= 3700 ; R(HOD)- 1.2
. - R
1 0.125 | - - - 500 2000 1 0,125 - - 900 3600
2 0,375 - - - 340 1360 2 0.375 - - 700 2800
3 0.625 - - 250 1000 3 0.625 | - 480 1920
4 0.875 - 150 600 4 0.875 - - - 300 1200
5 1.125 - - - 100 400 5 1.125 - - - 200 840
[} 1.375 23 7.7 0.8 52 208 ] 1.375 37 12.4 49,6 1060 400
7 1.625 47 13.9 55.6 25 100 ? 1.625 49 14.5 58.0 60 240
8 1.875 a4 9.2 16.8 12 48 8 1.875 29 7.8 31.2 15 60
9 2,125 33 B.2 32.8 8.2 12.8 9 "2.125 | 13 3.2 12,8 3.2 12.8
10 2.175 & 1.4 5.6 1.4 5.6 10 2.375 4 0.9 3.6 0.9 3.6
1 2.625 5 1.1 4.4 1.1 4.4 11 2.625 2 0.4 L.6 0.4 1.6
12 2.87% 1 0.2 0.8 0.2 0.8 12 2.875 1 0.2 0.8 0.2 0.8
13 3,125 | - - - - - 13 3125 | - - - - T2
14 3.375 | - - - - . 14 3.375 | - - - -
15 3.625 - - - - - 15 3.625 | - - - - -
16 3.875 | - - - = - 1o 3.875 | - - - - -
17 4.125 { - - - - - 17 4,125 - - - -
18 4,375 - - - - - 18 4,375 - - - -
19 4.625 - - - - - 19 4.625 - - - - -
20 4,875 - - - - - pli] 4.875 - - - - -
16 September 74 16 September 74 T
Begin time: 1022 GMT, Sample duratic 120s 8egin time; 1028 GHT, Sample duration: 20s
[Z(ACT)= 1270 ; R{ACT)= 2.0; z{MOD)= 2680; R{HUD}- 6. 7 Z{ACT)= 880 ; Rp{ACT)= 1.3; Z(MOD)= 1056 R(HOD)« 2. 3
1 0.125 - - - 500 2000 1 0.125 - = - 200 800
2 0.375 - - - 340 1360 2 0.375 - - - 100 400
3 0.625 - - - 250 1000 3 0.625 - - - 75 300
4 0.875 - - - 150 600 4 0.875 - - - 50 200
5 1.125 - - - 100 400 5 1.125 - - - 30 120
6 1.375 9 3.0 2.0 52 208 6 1:375 29 6.7 26.8 15 60
7 1.625 44 13.0 52,0 25 100 7 1.625 20 5.9 23.6 7.5 "30.9
8 1.875 25 6.7 26.8 12 48 8 1,875 | 19 5.1 . 20.4 5.1 20.4
9 2.125 18 4.5 18,0 8.2 32.8 ] 2,125 9 2,2 8.8 2.2 8.8
_}0 2.375 3 0.7 ‘2.8 0.7 2.8 10 2.375 3 Q.7 2.8 0.7 2.8
11 2.025 1 0.2 0.8 0.2 0.8 11 2.625 1 0.2 0.8 0.2 0.8
12 2.875 1 0.2 0.8 0.2 0.8 12 2,875 1 0.2 0.8 0.2 0.8
13 3,125 - - - - 13 3.125 - - - - -
14 3.375 - - - - - 147 3,373 - - - -
15 3,625 - - - - - 15 1.625 - - - - -
16 3.87% - - - - - 16 3.875 - - - - -
17 4,125 - - - - 17 4.125 - - - - -
18 4.375 = - - - = 18 4,315 | - - - -
19 4.625 - - - - - 19 4,625 | - - - - -
20 4.875 - - - - 20 4.875 - - - - -
16 September 74 [16 September 74 .o
Bagin timo: 1024 GHT Sampte duration: 120 sec Begin time: 1030 GMT Sample duraticen: 120 sec
Z(I\(‘.T)- 2025 R(f\CT)- 8 Z(Z;OD)~ 3720 R(hOD)- 1.3 Z(I\CT}- 2380; R(ACT)= 3.8 3 Z(H0D)= 4000 3 R(MOD)}=10. 3
1 0 . 125 - - 200 3600 1 0.125 - - - 900 3600
2 1.375 - 700 2800 2 0.375 _ - _ 550 2200
3 0.625 | - - - 480 1920 3 0.625 | -~ - - 400 1600
] 0.875 - - - 300 1200 4 0.875 - - - 250 1000
5 L.a25 | - - - 200 800 5 1.125 | - - - 150 §00
6 - 1,375 | 29 9.7 38.8 100 400 6 1.375 | 41| 13.8 55.2 80 120
7 1.625 | 42 12.5 50,0 60 240 7 1.625 7L 21.0 §4.0 45 180
8 1.873 28 7.5 30,0 15 60 8 1.875 50 13.5 54 20 a0
9 2,125 { 24 6.0 24.0 4.5 18.0 "9 2,125 | 3 7.7 30.8 7.7 30.8
10 2.375 5 1.2 4.8 1.2 4.8 10 2,375 9 2,1 8.4 2.1 8.4
1t 2.025 7 1.6 6.4 1.6 6.4 11 2.625 ) 0.7 . 2.8 0.7 2.8
12 2.875 i e.2 0.8 0.2 0.8 12 2.875 | - - - - -
13 3125 | - - - - - 13 3.125 .- - -
14 3.375 - - - - - 14 3.375 - - - -
15 3.625 - - - - 15 3.625 - - - -
16 3.875 - - - - 15 3.875 - - - - -
17 4.125 | - - - - 17 4.125 - - - -
18 4, '375 - - - - 18 .35 - - -
19 4.62 - - - - 19 4,625 - = - -
0 4, 875 = - . - - 20 4.875 - - - - -
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Table B-1.

PPN

Drop ristribution Cbtained on Board CRA Ship "Researcher”

fcontinued)

PR A I

s

AGTUN, HODIPLED ACTUAL EODELTED
Prop {Hidpolut _ R, Brop [HMidpaint) .. e s . . o
size dlancter number nurber| number number size dlamecter numl.n._r nunlrer nunhc-r numher
category {1zm) no. w3 Ay Y m dmm H m= 3 (An) " mm dam™ category ()  {no.|m =300 o~ fm = =3 a0~V i 3imn
(16 Scptember 74~ 16 September 74
Begin time: 1032 GMT " Sample duration: 120 sec “{| |Begin time: 1038 GMT;  Semple duration: 120 sec
[2(rcT)= 1213 5 R(ACT)= 2 3 : Z(M0D)= 15503 R(MOD)= 4 Z{ACT)= 170 ; R{ACT)= 0. 5, Z(MUD)- 230 R(H{]D) 0 9
1 0,125 - - - 400 1600 1 0.125 - - - BO 320
2 0.375 | - - - 250 1000 2 6.375 | - - - 50 200
3 0,625 - - - 160 640 3 0.625 - - - (] 160
4 0.875 - - - 100 400 4 0,875 - - = 28 112
5 1.125 - - - 65 260 5 1.125 - - - 13 72
6 1.375 54 18.1 72.4 30 120 6 1.375 27 9.1 36.4 10 40
7 1.625 | 56 16.6 66.4 20 80 7 1.625 | 13 3.9 15.6 3.9 15.5
8 1.875 | 27 7.3 29.2 7.3 29.2 8 1.875 | 2 0.5 2.0 0.5 2.0
9 2,125 | 14 3.5 | -14.0 3.5 14.0 9 z.125 | 1 0.2 0.8 0.2 0.8
10 2.375 1 0.2 0.8 0.2 0.8 10 2.375 - - - - -
11 2.625 | - - - - - 11 2.625 | - - - - -
12 . 2.875 1 0.2 0.8 0.2 0.8 12 2.87% - - - - -
13 3.125 - - - = .. - 13 3.125 | - - - - -
14 3.375 - - - - = 14 3.375 - - - - -
i5 3.625 - = - - - 15 3.625 | - - - - -
16 3.875 - - - - - 16 3.875 | - - - - -
17 4,125 - - - - - 17 4,125 = - - - =
18 4.375 - - - - - 18 4.375 - s - - -
19 4.625 - - - - - 19 4,625 - - - - -
20 4.875 - - - - - 20 4,875 - - - - -
16 September 74
Begin time: 1034 GMT;  Sample durat jon 120 sec

Z(ACT)= 1730 ; R(ACT)= 3; Z(HoD}= 1780 R(MGD)-
1 0.125 | - - - 400 1600
2 0.375 | - - 250 1000
3 0.625 | - - - 160. 640
4 0.875 |- - - 100 400
5 1.125 | - - - 65 260
6 1.375 ol 33.9 | 135.8 20 120
7 1.625 | 85 25.2 | 100.8 20 80
8 1.875 | 38 10.2 40.8 10.2 40.8
9 2,125 9 2.2 8.8 2.2 8.8
10 2.375 4 | 0.9 3.6 0.9 3.6
11, 2.625 - - - - -
12 2,875 2 0.4 1.6 0.4 1.5
13 3.125 - - - - -
14 3.375 - - - - -
15 3.625 - - - - -
16 3.875 - - - - -

17 4.125 - - - - -
18 #.375 - - - - -
19 4.625 - - - -
3{_\ 4.875 - - = -

16 :eptember‘ 74 .

Beqin time: 1036 = GMT Sampie duration: 120 sec
j2(ACT)= 390 ; R(ACT)= 0. 9, L(ron)— 280 3 R(MID)= 1.2
1 0.125 _ [ To- 160 640
2 0.375 - - 120 480
3 0.625 | - - - 80 320
4 0.875 | - - - 50 200
5 1.125 | - - - 30 120
6 1.375 | 42 ez 56.4 12 48
7 1.625 | 26 7.7 30.8 1.5 14.0
8 1.875 6 1.6 6.4 1.6 6.4
9 312s | 2 0.5 2.0 0.5 2.0
10 z.375 | Y| O 0.8 0.2 0.8
11 2.625 | _ - - - -
12 2.875 ( _ _ B - -
13 3.125 | _ - - - -
14 3.375 | . - - N =
15 3.625 | . - - - -
16 3.875 ) - - - - -
17 4.125 | - - - o C
18 5.375 | - - - - C
19 4,625 | = - - - -
20 5.875 | - - - - -
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Table B-1. Drop bistribution Obta.med' on Board NOAA Ship "Researcher" (cont.r'.nued)
ACTUAL MOIM FLEL ‘ ! AULUAL | HOD1FIRD
Drop ML -DUE.IL [ VTR I - brop  Midpoiat] . e .. .
slae i : naber nlaey|  numbeer mmh(.r P Jinnetor iopanher | llll'\]}L r nouber 1 parhor
eatepory w2 Am T W e w3 A | e catepory ] (min) ALY ||1 Ipatn™ ;—3(-".“)11!!"_ L
16 Sept / 1 16 Sept 74
Begin time: 1112 GHT;  Sarple duration: 120 sec| | !begin time: 1118 GHMT;  Sample duration: 120 scc
Z(ﬂCl')‘ 339 _ 3 RIACT}= 0.9 5 Z(MOD}= 403 ; R(¥OD}= 1.3 i -7(I‘LT) 2925 R(ACT)=6.0 B L(IIOD) 3669 3 R{ ‘OD)» 10 1
1 ﬂ.E.ZS - - - 60 240 1 0.125 - - - l’;SO 1800
2 0.375 - - 50 200 2 0.375 - - - 350 1400
3 0.625 - - 40 160 k] 0.625 - - - 270 1080
4 0.875 - - - ao 120 4 0.875 - = - 210 840
5 1,125 - - - 24 96 5 1.125 - - - 150 600
4 1.375 45 15.1 G0.4 15.1 60.4 5 1.375 (133 51.4 205.6 100 400
7 1.625 25 7.4 29.6 7.4 29.6 7 1.625 [192] 56.9 227.6 56.9 227.6
B 1.575 7 1.9 7.6 1.9 7.6 8 1.875 | 74| 11.8 47.2 1.8 47.2
9 2.125 1 0.2 - 0.8 0.2 0.8 g 2.125 | 32 8.0 32.0 80 32.0
10 2.375 - - - - - 10 2,373 5 1.2 4.8 1.2 - 4.8
11 2.625 | - - > - - 11 2.625 1 0.2 0.8 0.2 0.8
12 2,875 - - - = - 12 2.875 - - - -
13 3.125. | - - - - - 13 3.125 - - - -
L4 3.315 | - - - - - 14 3.375 | - - - Co- -
15 3.625 - = - - - 15 3.625 - - - - -
16 3.875 N . : - 16 3.875 |- - - - -
17 4,125 - - - T B 17 4,125 - - - - -
18 4,375 - - - B - 18 4.375 - - - - -
19 4.625 | - - - - 19 §.625 |~ - - - -
24 4.875 - - - 20 4.875 | - - - -
16 Sept 74 ] Tiobone” SE[:'ot 74 T T S T e
Scgin time: 1114 GMT;  Sampie duration: 120 sec] | +Begin time: 1120 GMT;  Sample duration: 0 SEC
Z(ACT)= 407 ; R(ACT)= 3 Z(MED)= 501 5 R({MCD)= {ACT)= 2432 5 R(ACT)= 4. g 5 Z{HOD)n 871 R(nuo)~ .3
1 0.125 - - - 95 380 1 0.125 _ - _ 5
2 0.375 |- - - 96 304 2 0.375 | - - - zgg- lﬁg'
3 0.625 - - - 62 248 3 0.625 - - - 170 680
[ 0.875 - - - 46 184 4 0.875 - - - 130 520
3 1.125 - - - 34 136 5 1.125 - - - 95 380
6 1.375 67 22.5 99 22.5 90,0 G 1:375 130 43,7 174:8 70 280
7 " 1.625 34 10.1 40.4 10.E 40,4 7 1.625 139 41.2 164.8 41,2 164.8
] 1.875 6 1.6 6.4 1.6 6.4 8 1.875 G4 11.8 47.2 11.8 47.2
] 2.125 - - - - 9 2,125 14 3.5 14,0 3.5 14.0
10 1.375 - - - - - 10 2.375 |10 2.3 9,2, 2.1 9.2
3! 2.625 |- - - - B 11 2.625 | 27 0.4 1.6 0.4 1.6
12 2.875 - - - - - 12 2,875 - - - - -
13 31,125 |- - - - - 13 3.125 - - - - -
14 3,375 - - - - - 14 3.375 - - - - -
15 3.625 - - - - = 15 3.625 - - - - =
16 3.375 - - - ~ 16 3.875 - - - - -
17 4,125 - - - - - 17 4,125 - - - - -
13 4,375 - - - - - 18 4,375 - - - - -
19 4.625 - - - - - 19 4,625 - - - - -
20 4. 875 - - - - - 20 &.B75 - - - - =
|16 Sept 74 N6 Sept 74 I
Ibegin time: 1115 GHT Sample durati on: 120 sgc fegin time: 1122 GHT Sample duration: 120 sec
.?(an) 960 (Acr) 2.3 z(rm)— 1038, R(mn) '7(ACT)— 1123 R{ACT)= 2.6 3 z(rr.oo) 1261 5 R{MOD)= 3.6
1. 25 |- - - 130 520 _ - - 140 560
2 g.é?i - - - 110 440 ]2' 3;??, - - - 110 440
3 0.625 | ~ - - 85 340 3 0.625 | - - - 90 360
\ - - 2 g - - 272
4 0.875 &8 27 4 0.875 | - 68
s 1.125 | ~ - - 30 200 5 1.125 | - - - 50 200
¢ 1.375 {102] 34.3 | 137.2 34.3 137.2 6 1.375 |eg  35.3 | lal.2 35.3 13(1).(2}
? 1.625 | 671 19.9 79.6 19.9 9.6 7 1.625 1 22.% 90.¢ 22.5 500
5 1.875 | 20 5.4 21.6 5.4 21.6 3 1.875 23 6.2 24.8 r:.g 88
9 2,125 4 1.0 4.0 1.0 4.0 9 2.125 7 1.8 7.2 (11.2 o
i0 2,375 | 1 0.2 0.8 0.2 0.3 10 2.375 1 0.2 0.8 0. 0.
11 2.625 | - - - - - 11 2.625 - - - -
12 2.875 - - - = = 12 2.875 = - - _ _
13 3,125 | - - - - - 13 3.125° | - - : - -
14 3,275 = - - = 14 3.375 - - N B -
15 3.625 - = = - - 15 3.625 - C -
16 3.875 - - - - 14 1.875 - - i _
17 4,123 - - - - - 17 4,125 - : " _
A8 s |- - - - - 1 4375 | N - -
19 . 4.k25 | - - - l 19 h,H25 B _ _ - -
a0 toausrs |- - - - 20 h.BI5 } .
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. ACTUAL - MODIFIED
Drop |Midpoint

size diameter number number|] number number
category| (mm) |no./w 3(AD)”Y m 3w~ w3 (aD) Y wdm

16 Sept 74
Begin time: 1124 GMT;  Sample duration: 120 sec|’
Z{ACT)= 897 ; R(ACT)= 1.85 Z{MOD)= 972 ; R{MOD)}= 2.4
1 0.125 |- — - 80 320 .
2 0.375 | - - - 70 " 280
3 0.625 |~ - - 52 208
4 0.875 | - .- - 38 © 152
5 1.125 | = - - 27 108
6 1.375 | 57 19.1 76. 4 19.1 76.4
7 1.625 | 37 11.0 44,0 11.0 44,0
8 1.875 | 27 7.3 29,2 7.3 29.2
9 2.125 |11 2.7 10.8 2.7 10.8
10 2.375 | - - - - -
11 2,625 | - - - - : -
12 2.875 | - ) = - - -
13 3.125 | - - - - -
14 3.375 - - - - -
15 3.625 | - - - - -
16 3.875 | - - .- - -
17 4,125 | - - - - -
18 4,375 | - - - - -
19 4.625 | - - - - -
20 4.875 | - - - - -
16 Sept 74
Begin time: 1126 GMT;  Sample duration: 120 sec
Z(ACT)= 274 ; R(ACT)= .69; Z(MOD)= 386 ; R(MCD)= 1.3
i 0.125 |~ . = - 60 240
2 0.375 | - - - 50 200
3 0.625 | - - - 40 160
4 0.875 | - - - 30 120
5 1.125 | - - - 22 88
6 1.375 | 22) . 7.4 29.6 15 60
7 1.625 | 30 8.9 35.6 8.9 35.6
8 1.875 5 1.4 5.6 1.4 5.6
9 2.125 | - - - - 1 -
10 2.375 | - - - - -
i1 625 |- - - - -
12 2,875 |- - - - -
13 3.125 |- - - - -
14 3.375 | - - - - -
15 3.625 | - - - - -
16 3,875 | - - - -, -
17 4,125 | - - - - -
18 4.375 - - - = -
19 4,625 |~ - - - -
20 4.875 | - - - - -
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Appendix C

Z-R Relationship Derived Through
_Use of a Cumulative Distribution Function (CDF)

C.l. Rationale: Statistical Considerations

The representativeness of the drop size distribution sampled with a
device such as the foil impactor is discussed in a serles of papers by Corn-
ford (1967, 1968a, 1968b). Using Poisson statistics, he examined the number
density of drops which must be sampled to define accurately the drop size
distribution and particle size concentration. Cornford concluded that approxi-
mately 400 drops must be counted in each size category (he used .25-mm incre-
ments) for the resulting measured drop spectra to be within *107% of reality on
95%Z of occasions. If the drop spectra need only be measured to within +50Z% on
957% of occasions, only 23 drops must be counted in each size category. There
is, of course, some compensation of sampling errors between adjacent size
categories when the drop size distribution is integrated to compute, for
example, water mass. Thus, it is Cornford's conclusion that drops in concen-
trations of between 10 and 100 m~3 can be defined fairly accurately by an
instrument of the foil impactor type. He further concludes, however, that
measurements with .a foil impactor almost certainly will not be representative
of the number of large drops when they occur in concentrations of less than
about 2 m 3.

The sampling volume problems inherent in determining representative con-
centrations of drops at the large end of the spectrum are well recognized. The
number density of drops in each size increment varies greatly from shower to
shower and is primarily a function of rainfall rate and sampling location within
the shower. In the procedure for selecting suitable foil data, only those
traverses through railnshaft cores which yielded an integrated sample size of
at least several hundred drops were considered for detailed analysis. Although
this does not satisfy the strict number density criteria for all size cate-
gories established by Cornford, it does serve to eliminate those showers which
were not intense enough to produce a representative drop spectrum. It can be
seen from the selected and composited drop size distributions shown in
Appendix A that no exceptional deviations from an exponential decay are evi-—
dent at the large end of the spectra.

C.2. Use of the Cumulative Distribution Function

A cumulative distribution function (CDF) has been developed and applied
in the hope of eliminating problems associated with small sampling volumes
at the large end of the spectrum, As mentioned, because of compensation of
sampling errors between adjacent size ranges, the integration of a measured
drop size spectrum to determine total water mass is inherently more ‘accurate
than the determination of the spectra itself.  The CDF transforms the number
density of drops within each size category to force conformation to an expo-
nential curve which is physically consistent with respect to both total water
content and total drop concentration. This serves to smooth out the sampling
irregularities at the large drop sizes and should, in theory, provide a more
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realistic indication of the actual drop distribution (assuming that such a
distribution is of the preconceived exponential form). To our knowledge, this
technique has not been applied outside of NOAA/NHEML. In this appendix, the
best-fit Z-R relationship to data points computed from the transformed (CDF)
drop distributions is presented and discussed.

C.3. Development of the Cumulative Distribution Function

The foil impactor instrument suffers from a problem common to all air-
borne measurement devices that rely upon the direct collection of particulate
matter in the atmosphere——it cannot sample a volume of cloud large enough to
insure a statistically ‘acceptable concentration of drops in all size categories.
The sampling volume problem increases in severity as the drop diameter becomes
larger. In the larger raindrop size categories (corresponding to drops > 3 mm
in diameter), it is not unusual to sample with the foil impactor only a few
drops during an aircraft traverse through a cloud volume of 1 to 10 m3. The
use of a cumulative distribution function alleviates problemg caused by
reasonable statistical fluctuations in the sampled data set if it can be
assumed that there exists one theoretical function that can characterize the
real drop distribution within all clouds or rainshafts of interest.

A distribution of the type suggested by Marshall and Palmer (1948) has
been generally used to characterize raindrop spectra in a variety of cloud
conditions. This function has the form

N(D) = N_e D (a.1)

with the slope, ) , related to rainfall rate through the expression

0.21 -2 (R in mm hr™1) (A.2)

A = 4.1R°
and N0 given the value: 8000 m~3 mm~}., Note that this distribution function
is strictly valid only for drop spectra which display an exponential decrease
in concentration with increasing size, and it should not be applied if bimodal
{or otherwise non—exponential) real distributions are suspected.

Figure C.1 shows a raindrop distribution generated through (A.1) with the
data given in table C.1.7 Let us assume that the real raindrop size spectrum
in a given rainshaft i{s represented by the curve (line) in figure C.1l. Now
suppose that 1 m® of the rainshaft is sampled with a foil impactor and the
‘data appear as shown in table C.l and the histogram in figure C.2. In com-
paring figure C.1 with figure C.2, one can see that the drop concentrations in
the two smallest size categories, each of which has a relatively large data
sample, remain unchanged, while in the fourth size.category and greater, the
sampled data set departs significantly from the assiumed real exponential drop
distribution. Curve A in figure C.2, a best fit to the sampled data, gives
values of 11556 and 3.08 for N, and A, respectively. The differences at the

’The data set of table C.l1 has been developed as an idealistic example of how
the CDF cperates. It is not part of the GATE data set.
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large end of the spectrum between the collected data and the real distribution
can be interpreted as due to sampling volume problems, and thus the best-fit
curve A in figure C.2 does not provide an accurate representation of the
assumed real drop size distribution {(curve C in figure C.2 or the curve in
figure C.1).

The use of a cumulative distribution function partly eliminates sampling
volume problems., The integration of (A.1l) to find the total number of drops
(NT) over all size categories yields

10°

\ N(D)= Nge "D

No =8000m> mm ™'

s N =2.53
10 —
'€
€
"
E 102 —
éo
=R
10° '

0o 1 2 3 4
DROP DIAMETER (MM)

Figure C.l1. An idealistic assumed Marshall-Palmer drop size distribution.
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Table C-1. Drop Distribution Data

Assumed . Assumed Sample Sample Expected
real drop real drop drop drop drop
Size Minimum Mean Maximum concen- concen- distri- distri- concen—
category diameter diameter diameter trationl tration bution? bution tration3
(mm) {rem) {mm) no m™3 &D no w3 mm~l no/m3/6D no w3 mn! no m~3 mml
1 0 0.216 0,432 2102 ‘ 4866 2102 4866 4794
2 0.432 0.648 0.864 705 1632 705 1632 1436
3 0.864 1.080 1.296 236 541 248 375 430
4 1.296 1.512 1.728 79 183 39 90 129
5 1.728 1,944 2.110 27 63 40 93 39
6 2,160 2.376 2.592 9 21 1 2 12
7 2.592 2.808 3.024 3 7 2 5 3
8 3.024 3.240 3.458 1 2 0 0 1
9 3.456 3.672 3.888 0 0] 0 0 0
10 3.888 4 0 0 0 0 0

. 104 4.320

lCalculated from exponential distribution: N(D) = Noe_lD with N, assumed 8000 m"3 mm*lqand A of 2.53 derived
from assumed rainfall rate of 10 mm hr™-. :

2Hypothetical 1n datae sample which might be obtained from real distribution by use of foil ifmpactor.

3Derived from cumulative distribution function.



—57—BEST FIT TO DATA
10% SAMPLE 3 080
N(D)=11556¢"
— 5— BEST FIT TO CUMULATIVE
B)  DISTRIBUTION DATA
SAMPLE 2 790
3 - N(D)= 8759¢"
10° = ‘ T
— =57~ ASSUMED REAL DATA
— BEST FIT » 53D
'E N(D)=8000e
£
v
E 102 —
éo
=>{R)
10! T
\\
\ N\
100 ]

0 i 2 3 4
DROP DIAMETER (MM)

€.2. Best-fit curves drawn to (A) histogram of sampled drop sizes shown,
(B) real drop sizes shown transformed through use of a cumulative distri-
bution function, and (C) assumed real distribution shown in figure C.1.
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N =)
=20 |4 _ _-AD
_ Np =X [} € ] l (A.3)
: 0

which gives

1l
™
=]

[}

N

T i (A.4)

The total water content of the experimental distribution can be found by
integrating the expression

[# -]
- 7pD3 . —AD
M f 6—N0€ dD (A-S)
4]
which, when solved, gives
TNy I'(4)
M =" 6 _AIT' * (A-G)

The mass (liquid water content) can also be computed independently from
= BT 3
M == IND; (A.7)

where Ni and D, are the concentration of drops and mean mass drop diameter,8
respectively, of %nterval i. Substituting (A.4) into (A.6) and solving for A
gives

1/3
T
\ = [wpﬁ(A)] NT1/3 M1/3 ] (A.8)

The cumulative distribution function therefore provides a Y-axis intercept
(No) and a slope ()) to a best-fit exponential curve. N, and A are physically
consistent with respect to total water content (M) and total drop concentra-
tion (NT). Note that the calculated values of M and N are derived from the
observed data set and thus are subject to errors caused by sampling volume
problems discussed earlier. However, the effect of sampling volume errors on
total mass and total concentration is not nearly as great as that on the drop
concentration within each interval. The use of the cumulative distribution
function, defined as

N
¢ = =2 (- ey | (A.9)

8The "mean mass diameter" is not necessarily located at the midpoint diameter
of each interval, although the latter is generally used in practice to compute
the total mass,
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serves to smooth out the sampling irregularities at the larger drop sizes and
should, in theory, provide a better indication of the real drop distribution.

It can be seen from curve B in figure C.2 that the best-fit relationship
derived through use of the cumulative distribution function approximates
the assumed actual distribution {(curve C in figure C.2) much more closely
than does the best fit to the sampled data (curve A in figure C.2). The cal-
culated values of N, = 8759 and X = 2.79 from the cumulative distribution
function are very close to the assumed real values of N = 8000 and A = 2.53,

C.4. Application to GATE Drop Distribution Data Obtained from Foil

Figure C.3 shows the five selected drop size distributions for August 10,
1974, as transformed through use of the CDF. The best-fit expression of the
form

N(D) = N e~AD
o
is given for each case. This can be compared with the data given in figure 5.

Figure C.4 1is a plot of all the Z-R data points derived through a CDF
transformation of the raw spectra (see Appendix A for a complete listing) and
gives the best-fit curve to the data. The best-fit curve to the untransformed
data (fig. 7) is also given for comparison. The best-fit curve for the CDF-
transformed foil data is found to have the form

7 = 238157 (A.10)

Table C.2 shows the rainfall rate (mm hr™!) as a function of Z(dB) for
eight daily GATE Z-R relationships calculated from CDF-transformed drop
distribution data collected near cloud base by the foil impactor on the DC-6
aircraft. These results can be compared with those of the untransformed foil
data shown in table 7. The daily variability in rain rates computed from
radar reflectivities of 35 to 50 dB does not appear to be of significance.

. Some divergence in the calculated daily rain rates for very heavy rainfalls
(Z > 50 dB) is observed. Figure C.5 shows a plot for all of the daily Z-R
relationships calculated from the CDF-transformed drop distribution data.

Figure C.6 shows the best-fit Z-R relationship as a function of three
rain rates (R > 0, R > 7,5 mm hr™!, and R > 12.5 mm hr™}) for the CDF-
transformed data. This can be compared to figure 8, These curves from the
CDF data appear to be gsomewhat more sensitive to rain rate stratification
than those shown for the untransformed data. The complete Z-R data stratified
as a function of rain rate is given in table C.3, which is analogous to
table 8.

The use of the CDF transformation has not been a conventional technique
for previously published analyses of Z-R relationships. For consistency with
other observations (table 1), therefore, we have not emphasized the CDF
gesults in the main section of the report. However, use of the CDF to elimin-
ate sampling volume problems at the large end of the droplet spectra has
obvious advantages and may provide results which are more representative of
the actual rainfall-reflectivity relationship.
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10 | I I | [

SELECTED DROP SIZE DISTRIBUTION
DC-6 FOIL DATA 10 AUGUST 1974

(Cumulative Distribution)

R=2.5mm hr~! N(D)=626 ¢~1.83D
R=54mm hr! N(D)=481 e~1.44D
R=11.7mm hr'! N(D)=797 e~1.72D
R=147mmnr~! N(D}=600e~124D
R=253mmhr! N(D)=676 ¢~1.13D  _

o
("
I
N phb U N -

DROP CONCENTRATION No. (m~3 mm-~!)
5.
|
|

S
:
!

] 1 | | I
2 3 4
DROP DIAMETER (mm)

Figure C.3. As in figure 5, except drop size distributions transformed
through use of the CDF.
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L0

T T : | [
BEST-FIT Z-R RELATIONSHIP FROM ALL
- FOIL IMPACTOR DATA OBTAINED IN GATE. ‘
NEAR CLOUD BASE BY NO.AA. DC-6
AIRCRAFT. (Data transformed through
use of CDF)

(mm hr™)
O,
|

=

14 —— 7=238R"57 (CDF)

4 0 Z=170R 92 (UNTRANSFORMED)
T10°1-

Z

&

] i | ] 1 | L L 1

102 10° 10° 10°
RADAR REFLECTIVITY (mmé m-3)

Figure C.4. Best-fit Z-R relationship drawn to all data points obtained through an analysis of DC-6
foil data transformed through use of the CDF. Best-fit curve to the untransformed data (fig. 7)
included for comparison.
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Table C-2. Rainfall Rates (mm hr"l) as a Function of Z (db) for Eight Daily Z-R Relétionships Obtained
at Cloud Base During GATE (CDF data)

z{ab)  230RL-38 251RL.37 269R% - 47 235RL+49 343R1.46 493RL. 36 259RL. 56 204r1-68
60 200 196 268 273 236 270 199 157

55 97 94 123 126 107 116 45 79
50 47 45 56 58 49 50 46 y 40

45 23 Co22 26 27 22 21 22 20

40 11 o 10 12 12 10 g 10 10

35 5 5 5 6 5 A 5 5
30 3 2 2 3 _ 2 2 2 3

25 1 1 1 1 1 1 I 1

20 1 1 1 1 <1 <1 1 1
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(mm hr~)
Q

RAINFALL RAT
c%)

T I v T T T T I
Z-R CURVES FOR 8 G.ATE. DAYS //

OBTAINED BY AIRCRAFT NEAR CLOUD .
BASE (Data transformed through use "

of CDF). /
/

Z=204 R'68
z=230 R'-58
z =235 R49
z=251 R"7
Z=259 R"96
z =269 R
Z =343 R146
Z=493R'36

O~ hH W —-

{ { L | i | \ |
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Figure C.5. As in figure 6, except data transformed through use of the CDF.
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Figure C.6.

As in figure 8, except data transformed through use of the CDF.
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Table C-3.

Cloud-Base Best-fit Z-R Relationships as a Function of Rainfall Rate (Data Transformed with CDF)

R at R at R at R at
Correlation 50 db 45 db 40 db 35 db
Stratification No. data points Z-R relatiounship coefficient m_hr” mn hr” mm hr~ mm hr~
All data 107 7 = 238 RL-57 0.986 47 23 11 5
R> 2.5 mm hret 97 7 = 235 R1-58 0.979 46 22 11 5
R> 5.0 mm hr ! 71 Z = 268 R1-93 0.959 48 23 11 5
R> 7.5 m hrl 56 z = 177 rL+68 0.947 43 22 11 6
R > 10.0 mm hr-1 46 7z = 203 r1-63 0.927 45 22 11 5
R > 12.5 mm hr~L 30 7 = 331 RL-47 0.861 49 22 10 5







Appendix D

Program Listings and Sample Output for

Foil and Distrometer Data Analysis
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Foil Program - Listing and Sample Output

A fortran listing is provided for the NOAA/NHEML foil data processing
program. This program takes as input a histogram of number densities of
drops obtained per ten .43-mm-diameter intervals during the aircraft traverse
of a rainshaft and produces as output a series of tables and graphs. These
tables and graphs show drop concentration in units L%, computed water con-
tents, mean and median diameters and volume diameters, computed values of
reflectivity (Z) and rain rate (R), best-fit curves to the distribution data,
and derived wvalues of A and N, in the exponential best-fit equation. This
set of information is derived for both the actual data and that transformed
through use of the cumilative distribution function (expected data). A linear
best fit to the Z and R data points is computed for both the actual and CDF
data. (See distrometer output in next section for example.)

The program consists of a main section (in which all data is read, all
bookkeeping functions are handled, and all output is written) and nine sub-
routines (CALC, RAIN, V WATER, V DROP, MEDIAN, LEASTQ, REGR, PLOTT, and
ZRFIT) in which computations are performed., The listing contains a number of
comment cards designed to assist the reader in interpreting the purpose
of each section of the program.
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C wkdnn

SOOI O

OO0OD0O0OO00O000000O00DO000O0D0O0DO0O0OaO0000O0OO0O00O0D0DOID00

TH1S
CISTRIBUTI

HH{N

CALCULATIONS,

REAL NOW,Nw,LWCHW,LWCW, HVUDINsMEDTAK, NHPW , NT
... INTEGER

DIMENS]
1W(e51, 0
OIMENS]
DIMENS]
CUMMUN
CUMMON
COMMON
COMMGN
CUMMUN
CUMMUN
CUMMUN
coMMON

ARk DEF

RARAANE N O AN
DInG
AR

-IULAN
ANG

kkaxpkhEhph
TIME
ALT

1EMP

ic
PMB
¥R
MO
DA
LD
PASS
WATE
NN
NUM

Mo

Ow
G

***ii**;ﬁ;“
. ICHK.

NJ

S T R

LE
AN:-TY"
LSAY

AARRNERERE

Yo
NUw
Nw

NT -
ALAM

PROGRAM FOIL EML  aann

PRUGRAM CALCULATES UBSERVED ANU EXPECTED wATER DRQP srze
UNS FROM FOIL IMPACTUR DATAs. o oooer oo oo oo

FRUGRAM SETS UP.INPUT: UUTPUT, .AND CALLS SUBRUUTINES TO DU MOST

mATER,YR,DA,CLD,PASS, FRAME, TIME . . e amnn e
on HOw(EBJ,Nw(&S) Da(25)sSIGMANLESY, LWCHW(ESJ: LWCN(BSIfNMP

IMG(29) . e =
Oh FG(25),C0{25),PFDL{22),PCD(25), ENO(ZSJ;XNC(ZSJ
UN ANG(H) e e e o
G(2%,280),YR, MU, D4, CLDJP#SSJFRAME
FCONS/PL . - e ot 8 s e e 1 151 v v n srte e 2 iomm e s o e
IV/VOL

/INC/H;NATER,NN . e . . - e e e =

FICE/MICE .
FOATA/TC,PHB - . - ) . e e
/TUBKOP/ZAR(10)
FZRCAL/DATAL200, 20,11 . P D OO

INITIONMS KhkaW . . [T
INPUT CONSTANTS LA EE RS R AL
w=  GECTOR [MAGE VIAMETERS (MM) . _
== WECTOR OF CUNSTANTS NEEDED FOR COTTONS TERMINAL VELUCITY
- SUBRUUTINE e ot et e e = e rrm ey« n et omnme o
K == SYNMBUL FOR PLOT
»=  VECTOR OF SYMSULS FOR PLOT

INPUT VARIABLES  waasadapdsx
»= TIME OF CLUUV FASS (GMT)
== FLIGRT ALTITUDE  {(KM) C e e e e e
=s  FLIGRT TEMPERATURE (PEG €)
= SURFACE TEMPERATUYRE (DEG ()
=e  SUHFACE PRESOURE (MB)
== YEAR (2 DIGITS)
we  MONTH (2 DILITS)
== DAY (2 DIGIISY . . _. e
== CLOUL IDENTIFECATIUN (4 ALPHANUMERIC)
s PASS IDENTIFICATIUN (4 ALPHANUMERIC).
R w1 (CONSTANT])
.®= TOTAL NUMBER OF FRAMES .
== NUMBER UF FRAMES FUR RUNNING MEAN
-*e  TOTAL NUMBER OF SIZE. INTRRYALS ... e e
s  VECTUR OF MIVPUINTS OF S1ZE INTERVALS ’
»= ARRAY OF NUMVER DF DRUPLETS PER FRAME

INCICATOR PARAMETERS  aushannut

e —--2%_ 0 FOR-OSSERVED CALCULATIONS: 1.FQR .EXPECTED. CALCULATIONS __
we NUMHER UF PARAMETEKS UN PLOT

we STARTING INDICATUR FOR RUNNING MEANS __ . _ . ...

=e ENDING INDICATOUR FUR RUNNING MEANS ) .

El_ .. =+ QAVE LUCATION FOR._LE.. - et e .
4 es  SAVE LUCATIUN FOR LS

UTHER PlRlNEYERS *t*t*****t
. == TOTAL YOLUME UF PASS
==  VECTOR UF NUMBER Or DRUFS PER INTERYAL
ww  YECTUR OF CONCENTRATIUNS PER INTERVAL
==  FOTAL CUNCENIRATIUN (GM/CU CM)
=s | AMBDA IN BEQTeFIT EQUATIQONS
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¢ AND = TOTAL CUNCENTHATUN # LAMBDA (/Cy CM)
¢ C .
g pandREkAEE  QUTPUT  aasdkaakis
C ¥ == RADAR REFLECIIVITY  (MM&/CU M)
¢ CokWCW e~ TOTAL LIQUID WATER CUNTENT . (GMsCU MJH__M._“M“N,,mw¢-w"
c SUMNW =s  TOTAL CONCENIRATIUN (/70U M)
c ~&MIAM] == RADAR REFLECTIVIIY USING HIAMI FURMULA . (MMb/CU M)
c nH we RAINFALL INTENSLITY (MMZMR) .
c CADW . ee  AVERAGE DIAMGTER (MM) ... . . . . . L .
¢ MEDIAW w» MEDIAN DJAMETER (HM)
¢ AYDN, L es  AVERAGE VOLUME DIAMETER . (MM oo i ccics aeam o
€ mVODIw ww  MEDIUM YULUME DIAMETER  (MM)
¢ A ... == CONSTANT In BEST FIT EGVATION - s
¢ g ee  EXPONENT IN DEST FIT EGUATION
c BM ww EXPONENT Th MARSHALL=PALMER EQUATION e e
¢ ANC me VECTUR OF CUNCENTRATIUNS FROM BEST FIT EQUATION
¢ JNMPW . | =e YECTUR UF CUNCENTRATIOND FROM MARSHALL@PALMER.EQUATION _
c LMCMK == VECTOR UF LIWUID WATER CUNTENTS PER INTERVAL
¢ FLHCw ==  VECTUR UF PESCENTAGES UF TOTAL LIQUID WATER CONTENT PER
c INTERVAL
¢ SIGMAN == VECTUR OF STANDARD DEVIATIUNS OF CUNCENTRATIONS
c F(D) == CUMULATIVE DISTRIBUTION OF OSSERVED CONCENTRATIONS PER
c . C e CINTERVAL . -
¢ cee we CUMULATIVE 0131RIBUTIUN OF EXPECTED CDNCENTRATIONS PER
c . INTERVAL
¢ PF(D) mc PERCENTAGES UF UBSERVED CONCENTRATIUNS
¢ PCLO) . . w= PERCENTAGES UF EXPECTEU CONCENTRATIUNS e
o (HIsa mw  CH]= SQuARL GUUDNESS OF FIT STATISTIC
C et e e e —er st e e e e e et et o e £ a4 et i e 21
NJ=d
11390 _ e e e

READ (5, up) (DIMG(JJ Jzi,:22)
4b FURMAT (310F8,3) e
T OREAD {5,45) (AR(J).J=1p91 .
45 FURMAT (SFid,i1) e
REAU (Ss186) BLANK,(#NG(KK) KKS 1;NJJ
16 FURMAT (SA1)
5003 REAV (5,2051) TIME,ALT,TEMP, TCsPMB
2051 FORMAT (L1Q,F10,3,2F10,1¢F10, eJ S . i e e
IF (TIME,EQ,0) CALL zRFIT
IF (TIME,EW, D) CaLl EXIT e e e e e e h e o et e e
wRIE ta,ausey TIME, ALT.TEHP,IC;PMB
2052 FURMAT (1HL,110,F§0,3,2F10,1,F10,2) e e e e
11311}
REAU (5,10) YR,MO, DA,CLDsPASS . e
10 FURMAT (3110,6X,4d, ux;Au)
wRITE (6,2053) mR.Ho,DA,CLD.PAss UV
2053 FOKMAT (1HO,3110,6X,A4,6%,44) '
S001 REAV (5215) WATER,NNsNUM
15 FURMAT (3110}
READ (S,200 M. . ... L . e .
20 FURMAT (110)
VOLSNNR OIS, et e e e e

C +»x VOL IS CUBIC METERS PER FIVE INCHES OF FUIL _WITH TAS OF 100 ¥ PER SEC.

ICHK=Q .
Lg=d .
LESNNm] “m__wh.__-_«-;_““_,vw". - S
ou 50 L:l M
IF (nyUM, LE 18) GO TU 49 . . e
REAV (5;251 DALY, (GIL,K), K118} .

2% FURMAT (FS,3,1BF4,0) . .. e e e,
REAY (s.zsoa (G(LsK) e KS19,NUM)

250 FURMAT (20F4,0}
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DOOOO0

252 FURMAT ({HO,F5,3,1B8F4,0) .
251 FUKMAT (iH ,5%,20F4,0) . e e
Gu 1L S5¢
49 READ (5,25) DWIL), (GC(L,KI,KSLsNUM) . e e e 4
S50 LONTINUE

1017 FORMAT {1H1,57X, IEHACTUAL YALME 08 e e e

S04 L3ELO¢]

LESLE+) . .. ..__ 8 e e i = e e e e £ 1 o

00 60 Kzi,M

. 8uUME0, 0 e e e vt e,

DU 40 L=zl§,LE

CBUMBSUMAG LR ILY - oo vt eooos comans e e e et simm o e 5 et st —amm s o

40 CONINUE
NUn(R)SSUM e e e e e e e e e
60 CONTINUE

1000 FORMAT (1H ,48X,3yHWATER ODRUPLET SIZE=~DLSTRIBUTION) oo

1001 FORMAT (im , 45X, 3pHCUMULUS EXPERIMENTS MIAMI, FLORIDAJ
1012 FORMAT (1n ,80%X,6HMMAY 19901R) . e e .

1013 FURMAT ({H ,60x,THJUNE 1%9,]12)

1014 FOKMAT (1H ,60X,THJULY 19,12) e e s e e

1015 FORMAT (1H ,60%,9H4uGUST 19,1¢)

1026 FURMAT (1M ,b60X,12HSEPTEMBER 19s12) . -

1006 FORMAT (1HO,35X,5HDATE .12.1ﬂ/-12,1H/-1e:15x bHCLUUD .Aq.Sx SHPASS
1 144) R

1007 FORMAT (1w ,2ox.SHTIM£ .Ilo;sﬂsmf 10x,11HPLIGH1 ALT :F10.3;2HKH,10

1Xs 1EHFLIGHT TEMP ,FL041,3RC). . . ... et e vrmnns a4 < e e
CALL SUBROUTINES TO CALCULATE PESIREO WUANTETIES. ... .. o oot

PI=5.1416 P

CALL CALS (NOW,Dw, Nw SUHNﬂ SIUHAN,ZW LWC*pLNCHh;ADN;AVDNpPLNCH L3y
1LE)

1008 FORMAT (1HO,25X,3HZ 3,F9.1,8HMME/CU M,6X  6HLHC 3 ,FS.S.THGHICU n,u o

1X,50C00N= ,F7,1,5%H/CU M) e . - —e
Calbk RAIN (L 0w N, RH;NMPH, BM]
IMIAMLIS30Q0, kRren] U

1023 FOKMAT [1H ,40X,UHR = ,F5,205HMM/HR, BX/9HZNIAMT & ,F9,1,9H MHb/cU o

1M)
IF (ICHK,NE,!) GO 10 2
DAIA(IIr1)=ZN e e i e
DATALIT,2)3Rw .
¢ CUNTINUE e emerim = et et m i ee e e et w1

CALL MEDIAN (SUMNW, Ny DWeMEDTAN)
CALL MEDIAN (LWCW,LWCMw,DwW, MYUDIw)

1009 FURMAT (1H ,20%,10HAVE DIA = 7FQ,2,2HMM,bX,10HMED DIA & 1Fd, 2,2HMM
1,6Xy JUHAVE VOL DIA B F4.2,E8HMM, 06X, |AHMED YOL DI4 a :FH.B.EHMMI_
CaLlb LEASTU (Nw,Dw,4,B8)

1010 FORMAT (YHO,33X,5HN.C 2,F10,1 75K EXP{,Foa2,3H DY, 15X, 16HN MP a. 200 ___

10 EXPL,FB,1,30 DY)
po 30uo Isi. e
x~cc1)=AtEXP(B-DutI))
3040 CONTINUE
1011 FORMAT (1HWO)

1020 FORMAT (1inoO, 1ax.huoznc 6X,1HD 12X, LHN, IOIJSH.N G s XL 4HN MP, 10X, 3

lLﬂL'llx; “HPLP‘C;QI 2HNQ, 11’5“310”‘)

1021 FURMAT (1M - ,12X, UH(MH) SX,HH(NHJ,IX,TH(/CU M) bX, 7THE/CU. H):bx TH/
1CU MYpbX,GH(GH/ICU M), 9%, 3H{m) s 17X, IK(GM/CU M))

1022 FURMAT (IH ,10X,Fs, 3-“X1Fb 3,9%,FQa2s0%,FB.206X,FB, ErOXnFT 428%,Fb0
“14210K%,FS, OrbeF7.2)

1F FREWUENCY DISTRIBUTIUNS AND ElPhCTED VALUES BEING CALCULATED' 1,944

PLOT AND CHECK FOR RUNNING MEAN, _
ALL UNLTS CONVERTED 10 CM IN PROBABILITY OISTRIBUTION CALCULATIONS,
IF (ICHK,EU,1) GO T0 b002
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CALL PLUTT (Np, NAPW, PLACW, DOWeBLANK S ANG)

CUNST=1,46459

NTESUMNRH LE=Qg

ALAMECONST#MT*20, 33335334 (LnCrnlEw0b)an(=0,3333333) S

XNUSNTHALAM
3000 FURMAT (1H1,40X,30MPRUBABILITY UISTRIBUTIONS.ON N,///) . - —
3001 FORMAT (1H ,1Sx,uuF (D), 15x, 4HL (D), 15X, SHPF{D):15%,5HPC(D), 15! ch

18ERVED, 10X, BHEXPECTED) e
3002 FORMAT (1H ,13X,BH/(CU CH):lll:SHf(tU CMJaIax.BH/(Cu CH1112X:BHICC

LU CM)p 15X, oHNUMBER, 12X, 6HNUMBER, /7)) . .

CHI45G=0,0

ﬁDD?0.0"._m"._ e i et e o e ¢ e et o e e et

c
C FOR H&IHUD OF EXPECTED NUMBER CALCULATION, SEE 8AX OR CUTTON e mem e e e
c .
ENOSUMEG, 0 e e e el - e e e e e
DELUS(DW(2)=DW(1))
DWMEDR(1)=DELDA,S [, e e e e ———
CDM-NT*{I.-ath ALAHiDhM* 1})
DU 3005 I=z1,M i e e e e e
ADD= ADD+Na(I)*iE-ob
FoClY=ADD . . .o . L. -
DWPEDW(L)+DELDY, S
COPRNT={1, 'EXP(-ALAMiDWP* 0 3 U
ENOL1)SCDP=CDM
ENGCI)SENO{IY+1E+064VAL C. e e e e e
ENOSUMBEND (I ) +ENUSUM
COCIY=ENUSUM/Z(YOLRIEXOE) . e e e e e e e e e s e e
DAM=DWP
CDH-CDP e et e e e = o _— .. e
3020 PFDII)= FD(I)/NT
PCOLIN2COLII/NT . . e e e e s
trlsd= CHISG+(ENU(I3-N0wtlJ)**dlENO(lJ
3005 CONTINVE .
3007 FUNAAT (1H ,10X,E10,4,10X, ELQ44,10%,E10,9,10X, Elo H.IOK;FIO B.IOXu
1F10.2) e - e e o e et
3009 FURNAT (IH ,//7,10%, 13HCHI-SQUARE 5 JF1043,2/7)
3030 FURMAT (1H , 2uM N{Q) == THEURETICAL = sE1044,//,25H LAMBOA =w TH
1EORETICAL = ,Ef0, u) :
L3AVIzLE . _ S
LSAY2:LS
L=y - . e e e e o e ot aanr 2 12 a2 - Pt e e
LE=D .
DO 0000 Isi,M o e e e e e e e e
GClel)=END(TY .
6000 CUNTINUE . R R,
6001 FORRMAT {1Hi, 56! {YHEXPECTED VALUE,/)

F{ALESY e . e e e e =
U TO S04
c e
¢ IF RUNNING MEAN CALCULATIONS RETHIEVE LS AND LE AND START AGAIN. 1F NOT
C READ IN NEW PASS INFORMATION, . .. . ... .. . A . AR
¢
C TIME ® 0 MEANS STOP,. .. . __ e e e —_—
¢
6002 IF (LSAVLI LT,NUM) GU. T0_ 6003 e e e e e -
G0 TU 5003 .
G003 LERUSAYY e
L5=LSAV2 '
GU FO.504 o — e i,
END
SUBNUUTINE CALC (NO,DaNy SUMNnbleAfZ;LNCrLNCMnlD.AVD PLMC, LS;LEJ
¢
o LALCULATES RADAR REFLECTIVITY, LIGUID WATER CONTENT, CONCENTRAIION, ...
C AVERAGt DIAMETER, AVERAGE VULUME OIAMETER, PERCENT LIQUID wATER) AND SIGHMA,
. i
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REAL NO LWC  LACH, N, NMEAN, Ny NU, NESLWCS

INTEGER wWATER, Y, 04,CL0,PASS,FRAME

DIMENSIUN 9{25),N(Eb),Sleﬂ{éb)aLwCH{ES) PLAC(29),N0(05), NI(EEOJ

COMMUN G{25,280),YR, MU, DA,CLD,PASS)FRAME .

COMMUN /CONS/PI

COMHUN /V¥/V0L .. e e e e e e+ Ak 2t 4 & o i b 4

CaAMMUN /INC/M,wATER NN '

SUMNZRGD, - e e e s e e

730,0

LwC¥0, . e e a——————
B0 FURMAT (1iH .dox,bHVUL s /F8B, 3,10%, $3HNO, FRAMES ,15)

050 . R ot enm e e £ e 2t 2 ot 1t S A et 4 ot At @~ Tt o et e e o =

) NE‘UI

DENSITY OF waATER

(s RaR 3]

RHOw=1, 0 .
DO 55 Ksl,M . S
SUMMEQ, 0

CONCENTRAYIUN = NUMBER/VULUME

OO0

N({KISNO(K)/VOL ’
SUMNSSUMNEN(KY . e e e e et e e vt 12 A e s = o et et 2t
NMEANSN(K) /NN
L=U g G SO U
DO 130 LL=L§,LE
L=l+l . : e e e e
NI(LI=G{XK,LLY/VOL
SUMMESUMME [N (L )}=NMEANYa®2 = R - © e et = e 18 e et et i

130 CUNTINUE
SIGMA(K)= SQART{SUMM/(NN=1]) e . e ..
AdEN(K)I %D (K)

ACEN(K)RD(K)#23 e e
AFSN{K)2D{K) *xh
{=ltAF

NOENDH+AB

NESNE AL

LIQUID WATER CONTENT t

OO

120 RHUSRHOw L e e e e e e
125 CT1S=RAGRP] /8,
LHCSSCTSHAC
LHCMIK)GLWNCS* 1, En
LWCELWCHLNCM(K)
55 CONTLNUE .
THIRO®: /3, .. ... . e e e e e

AVERAGE DIAMETER AND AVERAGE VULUME DIAMETER

oo n

ADRND/ZSUMN N
IF(NE/BUMN,LT,0) WRITE(5,889) _

869 FUORMAT(IMQ,31H . NEGATIVE ERRUN.IN.CALC_001671) —
AVDEB(NE/SUMN])**THIRD =
DU b6 Jui,M . e s e e e

PERCENT LIQUID WATER CONTENT. . ol i ces e aenie e

oOon

PLWCLTISLWEM{IY/nC100,0 .. . . - U
56 CUNTINUE

RETUKN

END

SUBHOUTINE RAIN (LaDsNpRaNMP, 5&)

c CALCULATES RAINFALL RATE, EXPUNENT FUN MARSHALLePALMER DISTRIBUTION,
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¢
c
¢

(s N aNy]

2 X3N]

(s N sE3]

LINE-

GET TERMINAL YELOCITY AT EACH SILE INTERVAL

100
101

75

EXPONENT IN MARSHALL-PALMER EQUAIION

102

REAL. N;NMP e e e e o amme
INTEGER WATER
DIMFNSIUN D25)Y,N({25)aNMP{25).

CUMMUN JCONS/PT

CUMMUN ZDATAZTC JPMB o o oo e e+
" CUMMON /TUDROP/AR(L0) -

CUMMUN FINC/MyWATERPNN o e e
RZ2P1/6,
RTBUGO . o o e e

PO 75 L=l,M

CALL VWATER (L.D,v}
REINLLIX(DCLIna3 )2V e m et e e

RT=KT+RS

CON]INUE e L

RRRIxRT*Y bEws

B4, | eRa+(= 0 213

BM&E=E0 e B —

00 102 I=|,M
NMPLLY=2000,4EXP(RM*O(II). . .. . . .
CUNTINUE

RETURN _ o o o o e e e et e e et

END
SUBROUTINE VYwATER (L,D,Y)

SETS UP CONSTANTS NEEDED FUR COTTUNS IERMINAL YELUCITY SUBROUTINE,

DIMENSION D(25) .

CummUN /DATA/TC,PMB

COMMOUN /TUDROPZAR(L10Q)
TKK3TC+275,15 .
VISu2 , 4bEwoaTKX2x(0, 745 . . - e
GRI30,0

PsPMBbe] ,0E3 . . . e e

ROZU,287E7

DAZP/(ROATKK) . : ol
RDED(L)*9,05

CALL VDROP (DAsG,VIS,RD,RF,¥D)TRK)

vavy

RETURN. ... . . ... . .. e v e e

END
SUBRUUTINE VORUP(OAIGr VIS RDAHF)VDITKK) |

COTTONS TERMINAL VELOCITY SUSROUTINE,. ...
COMMUN ZTODROP/ARCEO) o o o,

U(BIVIS,RD»A,DA,G)a(=BaylSkRD/ 4,04 SGRT(BA#2AY[S+x24R0O**2/16, b#s”opsua

1#AnRO#252DANG/3, 01}/ (0ANRDAN2RA)

RE{YU,RDyv18,D4)= 2 O*VDtRDtDAIVIS
IF (RD,06T,0,01) GO TO SO ...
VDS, 04RDex206/(9,04v1S)

RFERE (YO R0y YISaDA) oo oo
IF (RF4LE,0,5) GO TO TG

AsU,5

Ba24,0

VD=U(boVIS;RD;A;DA;G! O

SFERE(YD,RO,V]IS,04)
1F (KFyLE,1,0) GO TU 70

120

PS8V
Psuye
p3u2
P3sUe
. Psue
p3uR
P3U2
PSU?
P5U2
P5U2
psue

" anb CUNCENTRATIONS USING BEST=FI1 (METHUD QF LEAST SQUARES) mAKSHALL=PALn;,

—— i
T == O 0 00~ O W

13
id
1]
16




Oonn

(22 sRale]

amlel2t9e
BEgb, 1461
VUIUKB;VIS;RD;A-DA,G)
RFERE(VOLRD, VIS, pa)
1F (HF,LE,20,0) GO 10 79
ARDLTQ342 -
BE45,709
VOSU(B YIS)RD,A,DA,G)
R?!Hk(VD;ROJVISpDA)
IF {RF,LE.130,0) GO TO 70
As0,388462
.. Brbl.2314
VDIUtB;VISlRDr‘ODApG)
REZRE(YD,RD,V1IS)DA)
G0 10 70
50 vUsV.08573154
DU 50 1=1,9
VUEYOEAK(II# (20, 0kRD)I*a} .
60 CUNTINUE
vusVUual,0E2

I¥ l(l.l&& “3/04) ,LE,1,0) GO TU B0
YE0,43%AL0UGL0(1,18E=3/DA)=0,d*(ALDGLI0O(1,1B8E=3/DAY)#%2,5..
VOSYUR10,00xYs (1 0+0,0023%(1, I'UA/I 18&-53*(293.15 TKKJ)

RF=HE (YO, RO, VlSuDAJ
RETURN
80 vbsvQ .
RFSRE(VD,RD, VIS'DAJ
70 RETURN .
END

SUBROUTINE MEDIAN (TOTALJN, QO MEDY . .
—— CALCULATES MEDIAN AND MEDIAN VULUME DIAMETERS, .

REAL Ny INCR,MED .
INTEGER WATER
DIMENSIUN N(25),D(25)
COMMON ZINC/M,WATER,NN
HALF=STUTAL/2,

Sub=g,

SUBSEQ,

DO 300 lB=t,M
SUb=SUBb+NtIB)

IF (SUB,GE,HALF) 6O T0 305

subss sua _
GU 10 300
305 IF (IB,EQ,1) GO.1Q 306
GO TO 307
100 CONTINVE % o ..
306 DIFESUB=SUBS
QIFFaRALFaSYEY
DELT=DIF/Y s
INCREQIFF/DELT L, 0E=2.
MEDS, 2004 INCR
GU 0 308 . oo

Psu2
P3le
Psue
PsuU2
Psue
- PsuU2
Psuz
PSUe
Psue
PSue
Fsu2

NP . || - S

psye
- PSuUe
psUe
Psue
PsUe -

307 DIFESUB=3UBS
DIFFP=HALF=SY8S =
DELIEDIF/24 -
INCRZQIFF/DELT#1,0Ew2

MED= (DCIB}'.%253+INCR
308 RETURN. _

psUe
psue

-PSU2

Psue
- psuz

END .

SUoOROUTINE LEASTQ (NsDsAsD) .

CALCULATES BEST=FIT LINE
SGUARES,

AND MARSMALL=PALMER LINE BY METHOD UF LEAST
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(3 X9 X 3]

laNasNeRse

.REAL NeNZRO,LAM
INTEGER WATER
DIMEMETION ¥1{253,%X2{253/N{E0Ts0{ )
CUMMON /INC/M, WATER,NN. .. e e e
COMMUN /ICE/MICE
DU R00 IsfuM. _
IF twalkR,EQ,1) GO 1O 4190 T
IF (MICE EQ.2) GO TO #4840, . . . e il i ot e . R
If (1,Eu,1) GO 7O 415
GO 10 QIO . e v e e ot e e e .
415 x2(i)=0,
XY O30 o e e i
GO TO 400
10 IF IN{IDGLELO0,) 60O TO U1 o o o i e s
x2{1)=AL0GINCLY) .
] GO TO 412 . e e e e e s e —
431 x204)s0,0
B12 XPOE YRR OL Y o o e e+ e e n
400 CONTINUE
CaLl REGR (X2,X1,NZROLAM) . . o o e e
As EXPINZRD)
BsLAM - e e e e e e e et + e e e e e e
KETURN
END . . e o - e s e b m — —
SUBHUUTINE REGR (xE:Xl NlRU;LAHJ

]

™
&N
~—

REGRESSION RUUTINE NEEDED BY LEAST SQUARES suepnucagu, T

PEAL NEZRU, LAH
INTEGER WATER | |
DIMENSILN X1{(25), xa(ab’ : :
COMMUN /INC/M,hAT&R NN ' oL e e e
Tl'Q;O
TE=9.0 . . e e e e e e e e
T330,0
Tu39,0
DU d40% I=1:M .
Tisllexi(yad2f{ly .. . T -
Teslaexi(}) :
T3s13sx2(I) L. e
TusTUeX1i{I)nx2

405 CUNTINVE. et e o oo ot v 22 111 e+ e i
LAME( Mall= TE*TS}/( M*TQ-TaﬂiﬂJ
NZHUST3/ MeLAM#(T2/ M) e e e et
RE TURN
END
SUBRGUTINE PLOTT (NjNMP,PLWC, UsBLANK, ARG)

"PLOTS DBSERVED CONCENTRATIUN, MARSHALL=PALMER CONCENTRATION, AND
PERCENT LIGUID WATER VERSUS DIAMETER UF DRODP, e e e it e e

REAL NlNMP et e e e Y e
INTEGER WATER,YR, DA CLD;PASSJ"RAHE
DIMENSIUN N[Eb) NM?(25J;PLWC(ﬂ5):A(QJ:5Y”l“)lANG(ﬂ)10(35) guT(200)._.-
DIMENSIONFI8(25),FUN(25)
cUMMUN'Giasiaso),YR,MU,OA,CLD;PASS,FRAME
COMMUN FINC/H,WATER, NN
4000 FURMAT (1h1,00x%,17dN (/CU M/DELTA 0)).
400§ FURMAT KIHOfIlX,IH 01,17X,2H, lllqlliﬂl 19x,2H10, 171;5H100,I7X 4HL0
-3+ 115 e et e 1 em =+ o e e e oo o e e s en e
4noe FUkMAT [1H ,Qx,llq”o -l.----------no--n---l.-t.--.q--o-------.l-.-
1.--.-----------.1-..---.-------.----1.----ﬂ'---------'-Il----.---.
2=)
NSl
pU 34 J=i,M
IF INQJ)LLE,0,) GO TO SO
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50
34

uo
42

41
4l

10

1

14
15

23
24
25

33
22

32

5u

51

53

¥4
20
19
b
13
27

BCIPRELIT R
gu U 34
FIE{J)=0,.¢

CUNTINUE ' S

CALL LEASTA (FIB Df‘l:ﬁ)
pu 13 Tl=1sM. ..

FUNLLI)SALUGIOCARS EXP(BAD(LIII))%9,5

1F (NIITYJLE0,) GO . TO. 40 ____ —_
Fl-“LUGlO(“(II))*Q 5

Gu Ju 42 . .. e
F1sU40

1F INHP{IIY, LEO,) 60 TO. 4l e v e e

Gl’*LUGlOCNHP(II!)iq 5

60 U 43 - et e e o e e

GizV.0
A(l)sFl
A(2)sGl

BLSISPLACCILY . o i s s e e

A{U)SFUNCIT)

DO 15 Isl,NJ e e e . D

IELNERES

[s1¥} 14 JHi.NJ. e e e R, O

JJENJ=J 4]

IF (ACID) =AY ) tdptd,

Fza{lJ)

A(IVISACId) . L o e e e

AldJ)eF
CUNBINUE o Ll
CONEINUE

DU €2 Juzi,NJ .. . e e s et o e e e m e

IF lA(du!.EG FI) GU TU 23

IF¥ (&(Ju),EQ,GI) GO TQ 24

1F lA(de.EU.PLthIIJ) GO TU £S5
IF (AtJo) ,EQFUNCII)Y GO TO 33
SYMR(JB)EANGC(])

GO TU 2¢ e e amm e
SYMLJBISANG(2)

GU 1L 22
SYM(JBI=ANG(3)

GU TO 22
SYM(JBISANG(Y)
CUNIINUE e e e
bu 32 Ikapstfe
OUTLIR)Y=BLANK

DU ¢0 Kzi,NJ

IF LA{K).EG,PLWC(II)) GO TO 53
IF (A(K)) S51,20,54

BLREA(KY/ S _ L

KASIFIX(ALK)+4]
Gu TQ s2 ..
ALKE ABS{A(K])/ s

Kasd0eIFIXCALKY . . __.. . C e e

IF (XA,LE, 0} GO TO 2¢
GO 1Q %2

ALK=A(X)/,5
kazIlecaLK)

IF (KA,LE,0) GOQ- TD 20
bu!lKAJ SYH(KJ
CUNTINUE

FORMAT (1H ,S5X,FS, 3, 1K, 1M1, 114000

PURMAT (1H ,11X,1H1}
CUNTINUE

FUNMAT (1M 112x,1 1}Hl-.-------1----.----l---'----.1---------1..-.-

l'-"l--n--.--.l--.---.--1-n------.l-----'---l--.------l---------l-

2=)

EB FUW"‘T (1H plZXleO 18x £H10 lBX 2”80 151,2H30,181;2H“0plsx 2H50)
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29 FURNAT [1m0,5uX,26HLWC (PLACENT/CU M/DELTA 1))
30 FURMAT (1A0,15X,5H0ATE 12, 1H/312,0n/7,02010%,0HCLOUD rAU, 10X, 5HPAS
16 pAd)
31 FOKMAT (LHO,15%,5KS 3 N,lOX,BH& & N MP,1UX,8H) = PLAC,10X,17HX & B ... ..
{EST FIT TO0 W) .
FETURN. _. _ .. —— e .
END _
sunHUUTlNE BRF LT o s e e e s

¢
C #ew THIS SUBROUTINE CALCULATES A _LINEAR BEST FIT.T0 ALL Z/R DATA POINIS. .
€

COMMUN /ZRCAL/DATA[200,2),11 P -
DIMENSIUN X(200),Y(200) .
DIMENSION DATACIOO0,2)sxC0000eY01QO) . ... . . o
c READ(H,1) N ‘
cl FORMAT(IZY .. L . - . e
Nall
'IF(h GT.200). STOP— - e e e e e oo
¢ E“D(SvEJ((DAYA(I;JJJJ=1;EJ 1=1,N)
€tz FORMAT(Fe,0, F7,2) . .
DD3I=1|N
X{1) = ALOG (DATA(I,1)) e Ul e e e
Y{l) = ALDG(DlTA(I.E))
3 CUNTINVE . .. . .. ; e o e o e een
C CALCULATE THE AVERAGES OP IHt DAIA ’ THE SUHS, AND THE SUMS UF THE SWUARES
X5um = Q, .
D0 §1 1 a1,N
11 R BUM & X SUM . X LT oo o e e e e e s e e e o -
XAVG XSUM/N
g . et s oo - —— _ — ——
YSUM = 0,
Do 12 = 1N, - — L e R e e e
12 . ysum YSUM ¢ Ytl}
YAVG YSUMAN_ e e e em— e e e e

W He—

15UNMSE
bu 131
i3 XsursQ

LN
XGUMSQ ¢ X(])wwg

[ 13

YSUMSQ
DU 14 1
{4 YSUMSE
¢ .
XYSUM = 0y . ... . . e e

Pu 151 = LI4N
15 XYSUM = XYSUM + (XCID#Y(ID) L e

0, . . e e e G e
1N
JYSUMSE . YOLYRN2 L i e e oo

M M H

REGRESSIUN OF Y.ON X_WHERE_Y & ALERU & AONE_ . X. . . v e

D0

PENDM] 3 N#XSUMSD = XSUMawg e -
AZERD 3 (YSUM=XSUMSG = XSUMRXYSUM)/ DENUMI
AONE 3 (N & XYSUM = XSUMsYSUM)/DENUMY .. L e L.

REGRESSION. .OF X.ON._Y._wHEREX. 5 BZERU ¢ BONE * Y ___ - -

o200

DENOMZ ® N & YSUMBQ = YSUMxd | e e e e e
BZLRO 2 (ASUM & YSUMSQ = YS5UR » XYSUM) / DENOMZ
. BONE = (AQNE * DENUML) / DENUMZ . et
C CALCULATE THE CORRELATION CU&FFILIEN?; R
R 2 SQRT  (AUNE & BONE . o i e e e e e e e
C THE wrITE STATEMENTS FOLLOW
WRITE(O, 101 ) (L{DATALL,J), J51,2), IS1,N) .
WhITE(6,102) XAVG, YAVGs XSUM, XSUMSQy TSUMy YSUMSU
whiTE(6)103) AZERUs AUNE, QL4ERQ, oONE, R . . C e o e
101 FUxMAT (1HO, 2F15,5) ’
102 FURSATOIRE X UHXAVG 1 iXrUNYAYG) LOX, ) URXSUM, 10X, o SUMSE, 10X,
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1 AnYSUM,10x,b6HMYSUMSQ// 2F15,%,5%,4F15.5)
103 FURMAT(IHO,9HA=ZERD = ,F10,5,154,8HA=0NE 8 4F10,5//,918=2ERQ a ,
1F1045,15K,8HB=0NE = nFiU.S/II:UOH THE CURRELlTIUN CUEFFLCIENT
— - 2y R I8 +F6,.5/4/4) . —. . et e et e e e
WRITE (b,104) N
104 FORMAT(IHOs33HTHE NUMBER..OF. OATA_POINTS_ USED SIS B

c

c e e e e e e e e e,

C FINDING A AND B IN THE sxpnzssxou. 2 & AxR4%8 WHERE LOG ® X AND Loc Ra ¥,
Al ® EXP(BZERQ)... et = e e ot 2 e e it s it em s = e - - .
Bl & BUNE _ -
A2 2 EXP{=AZERO/AONEY. oo e e e et e e
B2 = L/AUNE

WRITE(H,200)
200 FUHHAT(IHI QOHFROM THE REGRESSIUN UP LUbN DN LOGz, wE GET A = A; A
IND B = Bl, IN THE EGUATION £ 5 AwxRu+8, /7)
WRITE(5,201) A1, B}
201 FORMATLINO, 1OH . AL & Fbo.dy 10H.._ .81 & JF6,2//7//)..
WRITE(6,202)
202 FOKMAT(1HO, 90HFROM THE REGRESSIUN UF LOGZ ON LOGR, WE GET A = A2
LAND B 8 82, IN THE EQUATIUN I = AwR%aB,//)
wriTE(0,203) A2, B2 e
203 FURMAT(LHD, jOH Ae = ,Fb d.lOH ud P ,Fb.?)
RETWRN . ... i e
kN
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WATER DROPLET SIZE=DISTRIBYTION
CUMULUSEXPERIMENTS——MIAMIVFLORIR
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‘ n‘t—rﬁTEQHMTHR“‘“‘*‘?ﬂTﬁﬂT"—““TB9vﬂ—r*ﬁﬁﬁtﬁ_ﬂ ) =
AVE DIA B 1,1MM MED DYA = 1,05MM AVE an DIA 3 { 4THM MED VOL DIA » 1,98MM
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WATER DROPLFT SI1ZE~DISTRIAUTION
CUMULUS EXPERIMENTS MIAMI,LFLORINA ~ — T T T T e
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Tt I HE Tt OGMT T 0 - FLIGHT AT — — JISEKM T FLIGHT "fEMP—— 27,00
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I8 20425.0MMe/CU M LWE = ,560GH/CY M CONa  4T5,3/¢U M
RT3 TUTEIMMZHR IMIENTI TR 1290777 MM&/CU™M .
AVE DIA ®  ,BOMM MED DA = L 60MM AVE VvOL DT& = 1, 32HH MED VOL D1a 3 2,40
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Distrometer Program ~ Listing and Sample Output

A fortran listing is provided for the NOAA/NHEML distrometer data pro-
cessing program which takes as input the drop concentration per expanded bin
interval of .25 mm (19 bins shown in table 4) and derives the rain rate R by
computing the mass of rain (grams) impacting upon 1 cm? of the distrometer
sensor head per bin per sampling duration (listed as 120 sec). Radar reflec-
tivity Z is computed directly from the concentration of drops accumulated in
each bin size. The best-fit Z-R equation is formulated within subroutine ZR.:
The output data includes the number density and concentration (cm_a) per each
.25-mm bin, the calculated Z and R values, the rainfall depth in mm accumulated,
and, as shown on the final page, the coefficient "a" and exponent "b"
resulting from a linear regression best-fit of the Z-R data set to the
expression: Z = aRP".
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c

o0

apao

OO0 O0

(s Kl gl

%k PROGRAM T1) DERIVE 2/R DATA FRUM JOSS RAINURUP DISTRUMETER
DIEENSIUN NLBES),DIHEANCAES) ,,DTAMIN(OS) ,VTLES)sVOL(65)aNALES),.
1REFL85]), ULPTHESU),DUR(SOJ R(bU);Z(BUJ;HNU(bSJ RH(500),22(%00}
2aruATALLU0,2),10(%0)
GiMENSTUN RDEPTH(SO)
INTEGER DUR,Q,8 . e e e i r et e e em e e e e
REAL N L
EXTRENAL SNAP . - R s — -
Qz4 s ¢ P
§&5 C e ee s ea e s e eiam e © e o o o e e
Ii=u :
REAV (U,;50) (DIMEANCI) 838,200 i o i o
50 FURMAT (13Fk,3)

37 ReAL(4, 58)JK e e e e e e o e e e

I8 FORMAT(]Z2)
IF(JR,EQ,0)60 TU us
wRLIE Ls,looa (DIMEANLIY, 1= 1,89)
100 FURMAT (1M1,6X,20Fb,5s/)
FEAU(WUSISY(OURCTY, I=l;9)

15 FukhaT (9143 . . . e ermv e ee e e m——— i+ s e

Sumidzg,

pDp2l=1,JdK

TIzil+!

DEPIB(I)=0,. e e e . A e
R(LISO,

S 1 - i S

Cuktly=12o

AREA=5H0, - - - VP

*x% DUR 1§ $AMPLING DURATION IN SECUNDS
*#xs AREA S CROSS/SECTIUNAL AREA UF DISTROMEIER SAHPLINb HEAD

PI-i :a159
) REALD (4,16) (RNO(JY Jd31,20)
16 FURMAT (20F4,1)
Sumlso, .
syme=0,
SuMisn, S . e s e e e e v
DU 11 M=1,20
ALE=(DIMEAN(MY/ZL,77)00k] 147
VT(M)=9U3 a{{ =EXP(A1))}
VOLIM)IZYT(MIARES
N(MISRNU(MIAyOL (MY *x]  OE=-06*FLVAT(DUR(L))
ASEN(M)xPL/ (0000, tAREAI4DIMLAN(M) *2 ], | e e e

xx% YT 15 TERMINAL VELQCITY CUMPUIED FRUM EXPRESSION OF BEST (1950)

*%x YOL ]S SAMPLING VOLUME PER SELUND PER HIN

was N(M) IS5 NUMHER OF DKUPS IN EALM WUARTER MM BIN PER SAMPLE DURATION
#4% A3 1S MaSS OF RaIn (GRAMS) [MPACTING UPON | 5G CM OF DISTRDME1ER HEAD

(CON'T) _ PER BIN PER SAMPLING OURATION _ ____ . .. ... _.

SUMISSUML +A]

REF (M)= HNU(H]*DIMEAN(H)tﬁb.

SUMZESUMZ¢REF (M) . -
11 CuniTnuk

DEPTH(I)SSUMY. .o e ' 7 ——

RUEPTH(I}SDEPTH{I)*10,
sx* ROLPTH IS DEPTH DF KAIN IN MM INTEGRATED OVER ALL BIN SIZES

Z(1)=5UMe
AK=3000,/FLOAT(DUR(I))
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KII)30EPTR{T)YRAKNLO,

¢
¢

WRITE (51101) (RNU(JJ Js lf20)

101 FUKMAT (1H ,6HLONC

a20Fb,142)

WRITE (S,102) (NCJ),Jd51,20)

102 FUKMAT (1H ,bHNUMBER,20Fb.1s/) o ..

wRITE (S5,103%) Z(1),R{1)ROEPTH(])
103 FURMAT (1M ,4HZ = ,F15,2s5%,4nK B 4F15,24 10X, 17HDEPTH IN MM

1 Fl15.24/)
2Z20L138208) . e

104

c

¢ CON'T)

¢

8%

48

8o
c
C whw
c

12

23
50

RROEINSROTY
SUMSSSUMILRDEPTHII)
SUMUBESHUMUSUMS
CUNTINUE '
WRITE (5,104 SUM4

FURFPAT (LW ,////7,22% TOTAL RALN FOR DAY % ,F15,2,7H

NNE U

Jsl

Di] 85 1=1,JK

IF (ROIJLLE,w01) NNSNN#Y
IF (R(I},LE,,01) GU TO 85

DATA(J»1)=
CaTA(Js2)2 R
JaJti
CONTINVE
JEZTJK=NN .
Call ZRIDATA,JK,y0,8)

GO T0 37

Jk=]l

NN=Q

Jat’®

00 86 [=1,JK

IF (RR(I),LE, 01) NNINNt]
IF(RR{I),LE,, 01} GO 10 &b
DATALJA1)=Z2(1)
DATACJS2)3RR(])

JaJel

CUNTINUE

JK=JK=NN '

CaLl ZR(DATA,JX,;G,8)

STUP

END

SuuROUTINE ZR(DATA, JK 16, 8)

o -
R(I}

TH15 SUBROUTINE COMPUTES BEST FIT RELATIUNSHIP TO Z/R DATA POINTS
DIMENSIUN X(500), Y(S500)sDATAL500,2) h

INT;GER B3 e
Nz JR )
O 23 1 =4,N

(1) = ALUG(DATA(I, ¥)
Y(l) = ALUb(DATA(I 1)
CUNTINUE,

CONTINUE, .

XSUM uQ,

Y3UM 3 0,
XSUMSG & 0,
YSuMbu = 0,
XYSUM =0,

0O 30 1 = 1 ,N
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C #a% R(I) I8 HAIN DEPTH IN MM hHICH WUULD ACLUMULﬁTE DURle UNE HUUR (HN/HRJ

C *axx THESE STATEMENTS ELIHINATE UAIA FRUM FURMULATIDN OF Z/ﬁ BEST FIT 1F
KAINFALL RATE 15 LESS THAN AN ARBITRARY YALUE




xaur x o xbMd o+ X(7)
YouM & YhuM # Y)Y
XYHUM = X¥3uM o+ (X(I) » Y(I1))
XEUMSY = XSuMSD ¥ X([Yxwld e . R
YouMdy = YSUMSO ¢ Y([)aagd
30 CunlInue e e k= o i e+ e e e i
DATAN = FLODAT(N)

XAYE I XSUM/DATAN . T L S
YAYG 5 YSUM/DATAN

¢ RELRESSION UF Y ON X, WHERE Y 2 AZERQ + AUNE n X

c - ; ) ) :
DENUMY = DATAN 2= XSUMSQ .» XSUMRRZ | o i e e e e
A2Ex0 B (YSUM * XSUMSG = XSUM * xYSUM)/DENOMI
AONE & (DATAN * XY3UM = XSUM % YSuUM)/DENUM] . ... o

c

C REGRESSIUN DOF x N Y, aHERE X & OZERO ¢ dUNE & Y
DehUMZ & DATAN & YSUMSGE = YSUM#
BIEMD = [XSUM % YSUMSW = YSUM * XYSUMY/DENOMZ2 . e e e e .
BOMNE = (A0NE ¢ CENOUMI)/DENUME
C CALCULATE THE CURRELATION CUEFFIWIENT, R
R 2 SONT(AUNEXBUNE)
C THE w»rITE STATEMENTS FOULL{W
WRITE(S,100)
WRITECS, 1013 CIDATALLI Y, Joled)s 1R1,N) e i
WhITE(S,102) XAVG, YAVG: XSUM; XSUMSO, YSUM, YSUMSUW
wriTe ($,103) AZEWO, AUNE, BLERU, BONE, R e
100 FURMAT(IHQ)
10t FORMATC(I0X,2F15,2) ..
102 FUHNAY(lHl.uX.UHxhvsfllxu“HYAVGc1bxpuHx5UH,lOX;beSUMSO;10X'
1 AHYSUM, 10X bHYSUNSA Y BF19,9,5X,0F15,5) e e e e ———
103 FURMATOLHO,9HA=LERD = ,F10,5, 15, 8HARONE = ,F10,5//7,1%,90d=ZERD =
i
2F1045,15%,8HB=0NE = ,F10,5///71040R THE CORRELATIUN COEFFICIENT
3, RIS tFaaS/77) e .
arlTE (§,104) N .
10d FURKMAT(IHO, 35HTHE NUMBER OF [(ATA POINTS USED =  1S.7//)

¢
¢
C FINCING & AND B IN THE EXPKESSION, 2 = AxRei8 WHERE [0G 3 X AND LOG R & Y,
Al = EXP(uZERU) o
81 = BUNE
A2 = BXP(=4ZERU/AONE)
Be S 1,/AONE
wRITE(S,200) o .
200 FURMAT(1H0,90HFROM THE -KEGRESSIUN UF LUGR UN LOGZ, WE GET 4 = A} A

IND 8 = 81, IN THE EQUATION Z & AspwaB, 17
nRITE(S,201) a1, 381
201 FUmrMAT(IHQ, 10H Al = F8,&, 1QH . ol 3 FB,2////7) . . e et o e e

wrllE(S,202) oo :
202 FURMAT(IMQ, 90HFROM THE REGKESSION UF LUGZ QN LUGR, WE GET A = A2
1AND B 5 B2, IN THE EQUATIUN 2 = AxResB,//)
wk1TE(S,203) 42, B2 ] : .
203 FUKRMAT(IHO, [0OH A2 = yF8,2,10H B2 = ,F8,2)
RETURN __ . . ...
END
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9¢T

£'ON NOIDTA 0F31 / $00-L44 — LLELTADISA0 SNLINMEd INTFWNTIACD 'S0t

SXANG.- . . . _YAVG e —XSUW. . ... XSUMSQ._ . YSUM _____ ______YSUmSa
_— . 7,94870 2,0086) 63,59805 _ 506,42126 16,02888 5290120
_AwZPiry) = =% 65111 A=iint 3 #6795
b=fEni) = 5 49208 0 peUhn_ = . 1,02052

THE CURRELATION COEFFICIENT, R IS ,99632

—Trb NUBBER UE DATA POINTS USED = 8

FRUM THE REGRESSION UF LOGR UN LUGZ, WE GET A = Al AND B = Bl, IN THE EWUATION Z = AxRxnd,

Al = 303,423 g1 = 1,03

JERUM_ THE REGKESSLUN OF LOG2 UN LUGK, wE GET A = A2 AND B & B2, IN THE EWUATION Z ® AxRx»b,

AP = 387,04 ¥2 = 1,03
3872,18 8,84
SD6Y,18 .59
3729,70 9,75
1249,49 4..50
1573,57 4,30
2997 .24 7,84
$280,11 Ge17
2490,90 7,92




